Evaluation of Quality Assurance/Quality
Control Data Collected by the U.S.
Geological Survey for Water-Quality
Activities at the Idaho National Engineering
Laboratory, Ildaho, 1989 through 1993

by LINDA M. WILLIAMS

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 96-4148

Prepared in cooperation with the
U.S. DEPARTMENT OF ENERGY

AT,
Idaho Falls, ldaho SR
June 1996 D )




DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
GORDON P. EATON, Director

Any use of trade, product, or firm names is for descriptive purposes
only and does not imply endorsement by the U.S. Government

For additional information write to Copies of this report can be purchased from:
U.S. Geological Survey U.S. Geological Survey

INEL, MS 4148 Branch of Information Services

P.O. Box 2230 Box 25286

Idaho Falls, ID 83403-2230 Denver, CO 80225-0286

1



CONTENTS

ADSITACT ...ttt ettt cb s v b st es s es s b ek b s se b st et s e b s anea b s ae s e e et ererans 1
INTTOAUCTION. ....coiiiiiitiiiiicteiet ettt ettt ettt aas e e sa bbb e et assebe st b esse e esensensssassesessasssnaans 1
PUrpose and SCOPE........coviiuirtiiririenenieientete sttt eteeetae s s e ss e sesrasse st ensesnenes reereenreresereaens 3
ACKNOWIEAZIMENIS .....cvveiieieeciecectcee ettt ettt ebasestae et sraess e beenessaesssseersennans
Quality assurance/quality CONtrol practiCes .............oceevevevuerervereerenennan
Sample containers and preservatives ...........ocevveveeveernnen.

Decontamination procedures
SAMPIE COLECHION ....c.ueviiitiiecteienrctestette et ettt st eree et seaesae s e e esaesaesaeseassertensessessansansane
Analytical methods and reporting of data.........cccceeueriiiieicricecceeeceee et
Quality assurance/quality control samples, replicate pairs of samples
Statistical comparisons of replicate pairs of samples

...................................................................................................

............................................................

INOTEANIC CONSUIUCTILS. ....cueeviiiuieienerteiirenter et et eeen et ssesnaeeessas e e s evessesesnessensssesseseeses e 15

Gross radioactivity and 1adionUCHAES .........eoveeeierecierieneiieecrireetere et ene e sre e svesnens 16

OIZANIC CONSEIUCTIES .....veveeneeeiurereeetenteeeeteteetestetestate e san e ssasestessessessessossessesessessessanssases 16

Summary of statistical comparisons of replicate pairs of sSamples .......cco.ecvverrerrrerereerenneene 17

INOTZANIC CONSTIUEIES. ...coueiinietieeierttreeie st e e e stae e esteseee e e assree s assessaesesssaasntesnneseessansses 17

IMJOT TONS. oottt e es et st s eaaa e e st es e sa e b e sessemtesesuemsesesuesneneens 17

NULTIENLS ...oeveveeeeere et e eere e e ceeeve et s sraeas reeveeesaeeaans veverreeeraens 17

TTACE CIEIMENLS .....ccviiinieieteeeeeerttee sttt ettt e be st s e saeee e s sa e s e ssebeseensesuess 17

Gross radioactivity and radionuclides..........coceevenverierverreresrennens reereee e earene reoreaeeanas 23

G108 alpha TadiOACEIVILY . .couervivuericieciiieeniieeeteee sttt et sttt esbesaebe s enness s seenne 23

G10ss Deta TadiOaCtIVILY ...covemereririirtiieerenrestse st ettt se e ssesserssennens vrneeene 24

Gamma radiation............ veeveenesaenans reeeereeeae s eretena s verreeeerrenneaes vrerereaes crerressennrne veeveees 24

Radium-226 and radium-228.........cccccoevervvevrnenrenrennnns veeveresrenrenreneene reeeeresres s snaenne 24

SONHIUM=00. ..ttt e se e st coaesa st ese e e e e sanessnesas 24

TTIEIUITL ettt ettt e e cesaee st eesa e s e e sa e e s se st e e s e b asssaessaensasssnesssnsssesaseesssasssmenssessn 24

Transuranics: americium-241, plutonium-228, and plutonium-239/240.............. oo 24

Organic CONSLLUENLS ....cccevirrenerrererenenseesresassnessenens reertet ettt e sttt s e a e e besr e eraenae 24

Total organic carbon ........ccceveeeeerveevveneveneeruenennnen. reteeeteeteeetaerbe s bt sateaae st s sateenee sae st as 24

Volatile 0rganic COMPOUNGS .......c..oveeveerentienerienriniete e seenreestesreennesreestessessseoneessees 25
Semivolatile organic compounds, pesticides, gross polychlorinated

compounds, and Aroclors..................... veerrrresenons crereeerreaeeaas veeerennes e seennees 25

Total phenols .................. veevernenens reeeeeee et benes rerveenas ceeereas reeveeresreereresrentesresesas 25

Quality assurance/quality control samples, blank samples...........c.ccceveervenene tereeerreeeeraesseaeaenres 25

Blank results.......ccccceveennenne. v eereerte et s et et e e nsaanen reeteetee e ssae e et esee st e enaesaes st eesteaseenaasn 26

Equipment-blank results ........c.ccocevvvevnnnacnes et s ceerereseess e .29

Summary and conclusions.............. reeereeteenneteresaens verereeaenees rerrerreereeaesees veeveennes vrvvsvensessuesransane 30

References Cited ........cocvveeereeeiivneniinenenecnenieseneseeeccenen reerenesneennene ceeeererresteaeetebe st e naetensessaanes 32

Supplemental information section ................ ceeetete et ettt be e sb e e st se bt st e s e sa s s b bene s veeveene 34

iii



ILLUSTRATIONS

Figures 1-3. Maps showing:

L. Location of the Idaho National Engineering Laboratory, facilities, and surface-water
sites sampled for the quality assurance/quality control program, Idaho National

Engineering Laboratory, 1989 through 1993 ..ottt 2
2. Location of wells sampled for the quality assurance/quality control program,
Idaho National Engineering Laboratory, 1989 through 1993.........cccocovvvverevecrnenerrennenn 4

3. Location of wells at the Test Reactors Area, Idaho Chemical Processing Plant,
Radioactive Waste Management Complex, and Naval Reactors Facility sampled
for the quality assurance/quality control program, Idaho National Engineering
Laboratory, 1989 through 1993 .........co ettt sre s assrsesnaenes 5

Figures 4-8. Graphs showing:

4. Results of statistical comparisons of replicate pairs of samples analyzed for

INAJOT TOMS c.vvvveuieerrerrerreeeeereereeessestesssessaessessseessasssasessseesssessssssesssssssesssessssessssessesasssasnes 18
5. Results of statistical comparisons of replicate pairs of samples analyzed for

IULTIEIES ..ottt ceee e e e steaesereaaoas s e scaestesenessosesessasotesssssssensststenemssessrseronses 19
6. Results of statistical comparisons of replicate pairs of samples analyzed for

tTACE CIEMEIIS ...c.cvvceiiicericree ittt ettt e sttt et aes b e e st s saesems e st snsusanes 20
7. Results of statistical comparisons of replicate pairs of samples analyzed for

gross radioactivity and radionuclides..........ccoevuviinricnienecinncniienins v 21
8. Results of statistical comparisons of replicate pairs of samples analyzed for

OTZANIC CONSHEUCTILS ....eueeveuirereanreeresteteseesesastesteseesesesseseesessassessessensassessestessesssnssssessosse 22

TABLES

1. Laboratories and respective analyses performed for the water-quality monitoring
program at the Idaho National Engineering Laboratory ..........cccocvveneruevecnincnnninvennennennes 6

2. Sample containers, preservatives, and treatments for analyses of inorganic
constituents in water samples from the Idaho National Engineering Laboratory.............. 7

3. Sample containers, preservatives, and treatments for analyses of gross radio-
activity and radionuclides in water samples from the Idaho National Engineering
LADOTALOTY ...eeereeriienieerirneecerencenteesteeeeie e resasecnesneesatesressbsssseonsassrsssassstnssranssnesnsssssansasesss 8

4. Sample containers, preservatives, and treatments for analyses of organic constituents
in water samples from the Idaho National Engineering Laboratory ........c..ccceveevinnas e 8

5. Analytical methods used to determine inorganic constituents in water samples
from the Idaho National Engineering Laboratory, with detection limits or
TEPOTLINE LEVELS ...oveiecriiieicct ettt et bbb b s e e aaes 12

iv



6. Analytical methods used to determine gross radioactivity and radionuclides in water
samples from the Idaho National Engineering Laboratory, with detection limits or

TEPOTEINE LEVELS ..ottt et reetre et cvesar s b seessressasaeessnessssnesesssessnsesen 13
7. Analytical methods used to determine organic constituents in water samples from

the Idaho National Engineering Laboratory, and reporting levels ...........ccccevveereneevennenne 14
8. Identification, source, and description of blank waters for the water-quality

monitoring program at the Idaho National Engineering Laboratory............cccceeverveeruenee 27
9. Identification, source, and description of equipment blanks for the water-quality

monitoring program at the Idaho National Engineering Laboratory............cccoceeverueceennene 27

10. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for sodium by the National Water Quality
Laboratory and the Radiological and Environmental Sciences Laboratory............c.c...... 35

11. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for sulfate by the National Water Quality
LaADOTAIOTY ...ocvinieiireiciter ettt et st sr bt et esreba e st esbesasa s e ssaabassessassnesssneesaens 38

12. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for chloride by the National Water Quality
Laboratory and the Radiological and Environmental Sciences Laboratory..................... 40

13. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for fluoride by the National Water Quality
LADOTALOTY ...eevviiiiiicieerceetie st ere et ce e e sae st et e sesaesras e sssessessesasssesseessessaessasssonsensassness 46

14. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for bromide by the National Water Quality
LaDOTALOTY .....ovviveeeeetie et et sre s et esee st esessee s essessensessaesaessesssessesssassasneessanseessesnses 48

15. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for dissolved nitrite, as nitrogen, by the National
Water Quality Laboratory........cccccceeiriviieniiiiniiniiiicccieiitesrciscssseesnsssaeaessssessesesseone 49

16. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for dissolved nitrite plus nitrate, as nitrogen,
by the National Water Quality LaboTatory .........ccceveveririrscrrerreriensenaerereeseesseenesressesassenes 51

17. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for dissolved ammonia plus organic nitrogen,
as nitrogen, by the National Water Quality Laboratory ..........ceecceveeievvrcveennenseencsrccnnennnes 53

18. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for dissolved ammonia, as nitrogen, by the
National Water Quality Laboratory......c..cccccvevirueevcccimiernenincnnneniniieiesnesnesesesenseneons 54

19. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for orthophosphate, as dissolved phosphorus
by the National Water Quality Laboratory .......ccccvververnueenriiieresemreerinsesessnerernnseeressens 56

20. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for arsenic by the National Water Quality
LaADOTALOTY v ierececrirenrieenreienssaeseseeseeseesaesestestesessassessassesssusssassassssesseissssssesssssssnssssossons 58



21. Comparison of results of replicate pairs of samples from the Idaho National

Engineering Laboratory analyzed for barium by the National Water Quality
LADOTALOTY ..oveeviieericreeinienieeeeee et eearae e stesestasssbasssesessassesasssssessssessesessassssesesasnsesansones 59

22. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for cadmium by the National Water Quality
LADOTALOTY ...cvveureririeeitec ettt er e ere e e evae e et se s sese s eseenserbe s ensessensesesrsenssrsensessesseseens 60

23. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for chromium by the National Water Quality
Laboratory and the Radiological and Environmental Sciences Laboratory..................... 61

24. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for copper by the National Water Quality
LaDOTAIOTY ...eveeureicriieecieieieerir et sreste e sr e et te st esns e ese e sessns s ssasess s s sssensessesasnsannanseses 65

25. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for iron by the National Water Quality
LaADOTALOTY ...ovveviieririenieeiierireeet et e st es sttt ssaseessessssessessesseseenseseessessensensensonsansesnaenes 66

26. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for lead by the National Water Quality
LaDOTALOTY ..ottt sttt st te st ae s esae st et e esbesabe st e besaae svtsssassnansensesnnes 67

27. Comparison of results of replicate pairs of samples from the Idaho National -
Engineering Laboratory analyzed for manganese by the National Water Quality
LADOTALOTY ..eeviireeiienie e e ee st esireereeetesseessaaessessseassssssessnnessesssessesnssassnsesssesnseanssaesnes 68

28. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for mercury by the National Water Quality
LabDOTALOTY ...ooivviiiieiiiniiitietcie ettt sttt sr st et saeb s eaesoaesanesa e s s e s besnnes 69

29. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for nickel by the National Water Quality
LaDOTALOTY ...oviniit ettt ettt ettt eaee e st sbtaae sh v susaass st sass s esaens 70

30. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for selenium by the National Water Quality
LaDOTALOTY ...eoiuieiiieciecicenrine ettt e st e sae s sbe et e sb e sr e becobessss bt sn e e esbesnres 71

31. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for silver by the National Water Quality
LADOTALOTY ..oeniitieeeeerieetiecieeie e e e iaeeaesreessaeenaeestesaan s eesreessnesseeebtessscesnas shsssassshasesaressnes 72

32. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for zinc by the National Water Quality
LaDOTALOTY ..ottt ettt s e a s er s bbb e e b e e saaesnans 73

33. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross alpha radioactivity,
dissolved in water, as thorium-230 by the National Water Quality Laboratory............... 74

34. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross alpha radioactivity,
suspended in water, as thorium-230 by the National Water Quality Laboratory ............. 75

vi



35. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross alpha radioactivity,
dissolved in water, as natural uranium by the National Water Quality Laboratory ......... 76

36. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross alpha radioactivity,
suspended in water, as natural uranium by the National Water Quality Laboratory........ 77

37. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross alpha radioactivity
by the Radiological and Environmental Sciences Laboratory ..........ceceeevervrneerienrcnnennes 78

38. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross beta radioactivity,
dissolved in water, as cesium-137 by the National Water Quality Laboratory ................ 79

39. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross beta radioactivity,
suspended in water, as cesium-137 by the National Water Quality Laboratory............... 80

40. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross beta radioactivity,
dissolved in water, as strontium-90/yttrium-90 by the National Water Quality
LaDOTALOTY «.ouviiriiiiiiiiiiecetcitce et ettt csae s e esae e snssta s sssenecsnesnedoseensessstssusesnasessnass 81

41. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross beta radioactivity,
suspended in water, as strontium-90/yttrium-90 by the National Water Quality
LaDOTAIOTY «..eeiiiiiiiiiieiiieceiiccie ettt st st se e sreesmeesaesssesenes setessbesasessbecseasssasssnssrassns 82

42. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gross beta radioactivity
by the Radiological and Environmental Sciences Laboratory ...........cccoeeeivivvinicnrnnnene 83

43. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for gamma radiation by
the Radiological and Environmental Sciences Laboratory ..........ceeeevevvcniecinincsneninnnas 84

44. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for radium-226 and
radium-228 by the National Water Quality Laboratory ...........cccceceeeeveerecuerisiuericsesninens 86

45. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for strontium-90 by the
Radiological and Environmental Sciences Laboratory .........ccooicnivininininiiinnennnne. 87

46. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for tritium by the National
Water Quality Laboratory and the Radiological and Environmental Sciences
LADOTALOTY «..ovuvieriereneriienteeseeiestentete st resecseneeeestessassr et seassesssosaesssssnessssssesnssrsessnossaessae 90

47. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for americium-241 by the
Radiological and Environmental Sciences Laboratory ...........ccocveeiinvininncnieniieseenenns 95

vii



48. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for plutonium-238 by the
Radiological and Environmental Sciences Laboratory ..........c.c.ceceeveeieneeseenrerseesecrneennens

49. Comparison of the results and standard deviations of replicate pairs of samples
from the Idaho National Engineering Laboratory analyzed for plutonium-239/240 by
the Radiological and Environmental Sciences Laboratory ..........ccccueeceeucnvveninvencns

50. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for total organic carbon by the National Water
QUALity LabOTatorY ......oceveueeieerierenieeniereriesesesrerassesessesassesesesseseesessesensesessensosssssscssessosansens

51. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for volatile organic compounds by the
National Water Quality LabOTatory ..........cceevveeveereiieieieeeeeieeeeceeresesessesaesnsessessessseessennnns

52. Comparison of results of replicate pairs of samples from the Idaho National
Engineering Laboratory analyzed for total phenols by the National Water Quality
Laboratory

53. Results of blank and equipment blank samples from the Idaho National Engineering
Laboratory analyzed for sodium, chloride, and chromium by the National Water
Quality Laboratory and the Radiological and Environmental Sciences Laboratory...... 103

54. Results of blank and equipment blank samples from the Idaho National Engineering
Laboratory analyzed for sulfate, fluoride, bromide, and total recoverable mercury

by the National Water Quality Laboratory .........ccceeeverieriereeienierrenenseeneconessnesissecssenns 104

55. Results of blank and equipment blank samples from the Idaho National Engineering
Laboratory analyzed for nitrite, as nitrogen; nitrite plus nitrate, as nitrogen;
ammonia, as nitrogen; and orthophosphate, as phosphorus by the National

Water Quality Laboratory..........cccoivceivniiniiniiinincceectieniiecicecs it ssce s ens 105

56. Results of blank and equipment blank samples from the Idaho National Engineering
Laboratory analyzed for total recoverable trace elements: aluminum (Al), arsenic
(As), barium (Ba), beryllium (Be), cadmium (Cd), copper (Cu), iron (Fe), lead (Pb),
manganese (Mn), nickel (Ni), silver (Ag), and zinc (Zn) by the National Water

QUALity LabOratory .......ccvveeeriiereeiieniietcieteieste et ce e sse e caesaesseses s ssas sbeernessssse s sesans 106

57. Results of blank and equipment blank samples from the Idaho National Engineering
Laboratory analyzed for gross alpha and gross beta radioactivity by the National Water

QUALity LabOoTatory .......cocveeerreerininrreenireitieenieesee st saes e cre s e revesrnesassssssesanasses 107

58. Results of blank samples from the Idaho National Engineering Laboratory analyzed

for radium-226 and radium-228 by the National Water Quality Laboratory ................. 108

59. Results of blank and equipment blank samples from the Idaho National Engineering
Laboratory analyzed for gamma radiation, strontium-90, and tritium by the National
Water Quality Laboratory and the Radiological and Environmental Sciences :
LaDOTALOTY ...covvivreeerrieeeeireeieieseres e seeeeneestsieseensesessassessessssssssestostoressersssssessssesassessasses 109

60. Results of blank samples from the Idaho National Engineering Laboratory analyzed
for americium-241, plutonium-238, and plutonium-239/240 by the Radiological and

Environmental Sciences Laboratory ... nessesesnnnns 110

viii



61. Results of blank and equipment blank samples from the Idaho National Engineering

Laboratory analyzed for organic constituents which exceeded the reporting level by
the National Water Quality Laboratory

.......................................................................... 111
62. Upper-tail areas for 8 NOIMAl CUIVE .......ccoviveecieniecirenrieeiesreeiseesraesrsesssesssessaessseseseasssnes 112
63. Site identifiers and sampling dates for replicate sample pairs collected for analysis
of specific types of 0rganic CONSHITUENLS.......ccccvviviiiieceririinieirresiircrecrcsrie e eaanes 113
64. Organic compounds and respective reporting levels for the specific types of organic
CONSHLUETLS IN tADIE 63 .....uiiieiiieeiieeeiereceee ettt cseeer e see et caesneesa et e essess 114















L 113
0 2000 4000 Feet 12

omamnmomm

11308°%" 113'02°%0"
! L ]
RWMC o
Subsarface

a0 - Dol i

Area Transorsnic

Arca
Radioactive Waste *119
Management Facili

oW (RWMC) .

Well completed in the Snake River
¢+ Plain aquifer—-Entry, 84 is the local
well identifier

Well completed in perched ground-
« o water zones--Entry, 62 is the local
well identifier
Figure 3. Locations of wells at the Test Reactor Area, Idaho Chemical Processing Plant,
Radioactive Waste Management Complex, and Naval Reactors Facility sampled for the

quality assurance/quality control program, Idaho National Engineering Laboratory, 1989
through 1993




Table 1. Laboratories and respective analyses performed for the water-quality monitoring program at the

Idaho National Engineering Laboratory

Laboratory

Quantitative analyses performed

National Water Quality Laboratory

Inorganic constituents: major ions (sodium, sulfate, chloride, fluoride,

and bromide); nutrients (nitrite, nitrite plus nitrate, ammonia, ammonia
plus organic nitrogen, and orthophosphate); trace elements (aluminum,
arsenic, barium, beryllium, cadmium, chromium, copper, iron, lead,
manganese, nickel, silver, and zinc)

Gross radioactivity and radionuclides: gross alpha, gross beta, radium-
226, radium-228, and tritium

Organic constituents: total organic carbon, volatile organic compounds,
semivolatile organic compounds, pesticides, gross polychlorinated
compounds, Aroclors, and total phenols

Radiological and Environmental

Sciences Laboratory (chromium)

Inorganic constituents: major ions (sodium and chloride); trace element

Gross radioactivity and radionuclides: gross alpha, gross beta, gamma
radiation, strontium-90, tritium, americium-241, plutonium-238, and
plutonium-239/240

Field personnel also take part in the
National Field Quality Assurance Tests admin-
istered annually by the USGS (Erdmann and
Thomas, 1985, p. 110-115). These tests are
used to evaluate performance in making field
measurements for pH, specific conductivity,
and alkalinity.

The part of the QA/QC program, from
1989 through 1993, that consisted of sending
replicate pairs of samples and blank samples to
the laboratories for analysis of specific constit-
uents is described in this report. Analytical
results for the replicate pairs were compared
for statistical equivalence. The analytical
results of the replicate pairs of samples and the
statistical comparisons are presented in tables
10-52 in the Supplemental Information Sec-
tion at the end of this report. The blank-sample
results were evaluated and the data are pre-
sented in tables 53-61 in the same section.

¢

Sample Containers and Preservatives

Sample containers and preservatives were
supplied by the NWQL in accordance with the
laboratory requirements specified by the NWQL
Services Catalog (Pritt and Jones, 1989; A.C.
Watterson and A.T. Kashuba, USGS, written
commun., 1993). The laboratory’s Quality
Assurance/Quality Control Manual (Pritt and
Raese, 1992) establishes the policies to ensure
that the containers are free of contamination.
The NWQL receives the required containers
from suppliers, tests for contamination, and
cleans the containers according to written
procedures. Sample preservatives, which are
prepared by contract suppliers for the NWQL,
also are tested according to written procedures
prior to shipping to field personnel. Sample
containers, preservatives, and treatments for
specific constituents are listed in tables 2—4.



Table 2. Sample containers, preservatives, and treatments for analyses of inorganic constituents in water
samples from the Idaho National Engineering Laboratory
[Abbreviations: NWQL, National Water Quality Laboratory; RESL, Radiological and Environmental Sciences

Laboratory; mL, milliliter. Except where noted, samples were acidified to 0.4 percent, volume per volume, with nitric
acid]

Inorganic constituent Laboratory Bottle size and type Preservative, treatment, or both
Sodium, dissolved" NWQL  250-mL polyethylene Filtered, acidified

Sodium, total recoverable" NWQL  250-mL polyethylene Acidified

Sodium? RESL  500-mL polyethylene Untreated

Chloride?

Sulfate, dissolved NWQL 250-mL polyethylene Filtered

Chiloride, dissolved
Fluoride, dissolved
Bromide, dissolved

Nutrients, dissolved NWQL 250-mL or 125-mL brown  Filtered, preserved with 1 mL or
polyethylene’ 0.5 mL of mercuric chloride, chilled
Chromium, total NWQL 250-mL polyethylene Acidified
recoverable! NWQL  250-mL polyethylene Filtered, acidified
Chromium, dissolved!* NWQL  250-mL polyethylene Filtered, acidified
Chromium, hexavalent,
dissolved*
Chromium, dissolved RESL 100-mL polystyrene Filtered, acidified with 1 mL of
hydrochloric acid
Trace elements, dissolved NWQL 250-mL polyethylene Filtered, acidified
Trace elements, total NwWQL 500-mL polyethylene Acidified
recoverable
Mercury, dissolved NWQL  250-mL glass Filtered, preserved with 10 mL of
potassium dichromate
Mercury, total recoverable NWQL  250-mL glass Preserved with 10 mL of potassium
dichromate

IThe dissolved sodium sample also may be used for the dissolved chromium analysis; the sodium, total recover-
able, sample may be used for the chromium, total recoverable, analysis.

2Samples to be analyzed for sodium, chioride, and tritium (table 3) by the RESL were collected in one bottle.

3Prior to October 1992, samples were collected in the larger bottle which required 1 mL of mercuric chloride as
a preservative.

4The dissolved chromium and dissolved hexavalent chromium samples were collected in one bottle.



Table 3. Sample containers, preservatives, and treatments for analyses of gross radloactmty and radionuclides
in water samples from the Idaho National Engineering Laboratory

[Abbreviations: RESL, Radiological and Environmental Sciences Laboratory; NWQL, National Water Quality
Laboratory; mL, milliliter; L, liter. Prior to October 1992, acidified samples analyzed by RESL were acidified to
2 percent, volume per volume (v/v), with hydrochloric acid; since then, samples were acidified to 0.4 percent (v/v)

with nitric acid. Except where noted, all acidified samples analyzed by NWQL were acidified to 0.4 percent (v/v)
with nitric acid]

Gross radioactivity . .
or radionuclide Laboratory Bottle size and type Preservative, treatment, or both
Gross alpha RESL 500-mL polyethylene Acidified
Gross alpha, dissolved NWQL  1-L polyethylene Filter, acidified
Gross alpha, dissolved and NWQL  1-L polyethylene Untreated
suspended
Gross beta RESL 500-mL polyethylene Acidified
Gross beta, dissolved NWQL 1-L polyethylene Filter, acidified
Gross beta, dissolved and NWQL  1-L polyethylene Untreated
suspended
Gamma radiation RESL 500-mL polyethylene Acidified
Radium-226 NWQL  1-L polyethylene Filter, acidified with
Radium-228 S mL of hydrochloric acid
Strontium-90 RESL 500-mL polyethylene Acidified
Tritium’ RESL  125-mL or 500-mL polyethylene  Untreated
NWQL  250-mL or 1-L polyethylene Untreated
Americium-241 RESL 500-mL polyethylene Acidified

Plutonium-238
Plutonium-239/240

lSamples to be analyzed for tritium, and sodium and chloride (table 2) by RESL were collected in one bottle.

Table 4. Sample containers, preservatives, and treatments for analyses of organic constituents in water
samples from the Idaho National Engineering Laboratory

[Analyzing laboratory was the National Water Quality Laboratory. Abbreviations: mL, milliliter; L, liter]

Organic constituent Bottle size and type Preservative, treatment, or both
Total organic carbon 125-mL amber glass Unacidified, chilled
Volatile organic compounds 40-mL amber glass septum vials  Unacidified, chilled
Semivolatile organic compounds 1-L amber glass Unacidified, chilled
Pesticides and gross polychlorinated 1-L amber glass Unacidified, chilled
compounds
Aroclors 1-L amber glass Unacidified, chilled
Total phenols 1-L amber glass Preserved with 10 mL of

copper sulfate-phosphoric
acid solution, chilled




Decontamination Procedures

Equipment used to collect water samples
from monitoring wells may become contam-
inated during the collection of previous
samples; steps are taken to make certain the
equipment is decontaminated. Most wells are
equipped with dedicated pumps and only the
discharge lines are moved from well to well;
therefore, these lines are rinsed thoroughly
with deionized water, inside and outside,
between sampling sites. Subsequent flushing
with at least three borehole volumes of sample
water further decontaminates the discharge
lines. Because the concentrations of most
contaminants are greatest in wells nearest
disposal sites and the concentrations decrease
with increasing distance from the disposal
sites, the most distant wells are sampled first.
This process of sampling minimizes the
possibility of cross-contamination between
wells when portable equipment is used.

Wells not equipped with dedicated pumps
are sampled either with a bailer or a portable
submersible pump. The bailer is washed with
warm water and detergent and rinsed with
deionized water prior to use. In the past, the
portable submersible pumps were flushed with
several gallons of water from one of two wells,
USGS 17 or USGS 97. These wells have been
periodically analyzed over the years and the
concentrations of the constituents that could
cause a bias in the analytical results have been
well documented (Bartholomay and others,
1993, p. 24, 30-31). This practice was discon-
tinued in May 1993 to further reduce the
possibility of introducing unknown variables.
Currently, the portable pumps are washed with
warm water and detergent and rinsed with
deionized water. At the sampling site, the
pumps also are flushed with at least three
borehole volumes of sample water.

All measuring and sampling equipment
that comes into contact with the sample water
is thoroughly rinsed with deionized water. The

thermometers, probes, and electrodes of the
pH meters and the specific conductivity meters
are rinsed with deionized water and rinsed
again with sample water so when measure-
ments are made, the deionized water will not
dilute the sample. Disposable latex gloves are
worn, and changed when needed, to ensure
that the samples are not contaminated by the
field personnel themselves or cross-contami-
nated by preservatives or previous samples.
Unless otherwise specified for a particular
analysis or type of container, all the containers
are rinsed with sample water, either filtered or
unfiltered, as appropriate. The filtration appa-
ratus used before July 1993 consisted of mem-
brane filters placed in an acrylic holder. The
holder was a potential source of contamination
even though it was rinsed thoroughly with
deionized water. To avoid contamination
problems, the filters and holders were replaced
by totally enclosed disposable capsule filters.
Flexible tubing that connects the capsule filters
to the sampling port at the well or to the peri-
staltic pump is thoroughly washed with water
and detergent and rinsed with deionized water
before use.

Sample Collection

The guidelines for water sample collection
are being updated continually in accordance
with new safety and environmental regulations
and to accommodate the requirements of
improved analytical procedures. Guidelines
for field treatment of sample containers have
been set forth in the NWQL Services Catalog
(Pritt and Jones, 1989; A.C. Watterson and
A.T. Kashuba, USGS, written commun.,
1993). When field rinsing is required, the
sample containers are rinsed three times with
sample or deionized water before filling. The
samples are untreated or filtered and preserved
as established by the NWQL (Pritt and Jones,
1989; A.C. Watterson and A.T. Kashuba,
USGS, written commun., 1993) or in the



manner recommended by Bodnar and Percival
(1982) depending upon the analyses requested.
Although the sample collection procedures
changed from 1989 through 1993, each sample
of a replicate pair was always collected in the
same manner.

Most sampling sites are wells with dedi-
cated submersible pumps. Wells without dedi-
cated pumps are sampled with bailers or port-
able pumps. Grab samples are collected at the
seven surface-water sites.

The INEL Project Office maintains mobile
field laboratories in which the supplies and
equipment necessary for sampling are avail-
able for immediate sample processing. Field
measurements are taken in this relatively clean
and protected environment, and samples are
preserved and prepared for shipping without
delay.

At the INEL, special precautions are taken
to ensure that the water samples are represent-
ative of the ground water at the sampling site.
To achieve this, a volume of water equivalent
to a minimum of three borehole volumes is
pumped from each well. In addition, the temp-
erature, pH, and specific conductivity are mon-
itored during pumping, using methods describ-
ed by Wood (1981) and Hardy and others
(1989). When the wells have been purged and
measurements of these properties indicate
probable hydraulic and chemical stability, field
personnel collect the samples. Some wells do
not contain or produce enough water to be
purged three borehole volumes, so samples are
collected from the bailer as soon as the temper-
ature, pH, and specific conductivity measure-
ments stabilize.

Before July 1993, samples that required
filtering were collected from a 4-L polyethy-
lene container using a peristaltic pump. The
4-L container was rinsed thoroughly with the
well water before being filled and allowed to
overflow. The intake tubing of the peristaltic
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pump was rinsed with sample water and
inserted into the container. A new 0.45-micron
membrane filter was placed in the acrylic filter
holder and rinsed with 750 mL of water.
Because disposable capsule filters are used
now, the filters are connected by tubing to the
portable discharge line. At the few sites where
a bailer is used or where grab samples are
collected, the filters are connected by flexible
tubing to the peristaltic pump. Regardless of
the filtering technique, 1 liter of sample water
is run through the capsule filter and tubing
before the sample bottle is rinsed and filled. If
the water at the sampling site contains large
amounts of suspended material, it may be
necessary to rinse the filter with 1 liter of
deionized water, rather than with sample
water, before the container is rinsed and filled.
The bottles are then capped and transported
into the field laboratory for preservation. After
the sample is preserved, the bottles are
recapped and labeled, and the caps are sealed
with laboratory film.

To minimize analyte loss by biological
processes or volatilization, samples for
nutrient and organic constituent analyses are
chilled to approximately 4°C. The samples are
kept on ice until they are received at the
laboratory, where they are refrigerated.

All water samples are stored in the mobile
field laboratory until they can be transferred to
a secured storage area. After a sufficient
number of samples is collected, and before any
holding-time limitations are met, the samples
are delivered to the appropriate laboratory for
analysis. Holding-time limitations for the
nutrients and organics constituents are 7 and
14 days, respectively. Samples for the NWQL
are shipped by overnight-delivery mail in a
sealed ice chest and usually are sent to the
laboratory within 5 days of collection. The
samples to be analyzed by the RESL are hand-
carried to the analytical chemistry area.



Conditions during sample collection are
recorded in a bound field logbook, and a chain-
of-custody form is used to track samples from
the time of collection until delivery to the
laboratory. These procedures were instituted in
September 1987, and all records are available
for inspection at the INEL Project Office.

Analytical Methods and Reporting of
Data

Methods of detection or instrumentation
used by the laboratories for each type of
analysis and their corresponding detection
limits or reporting levels are listed in tables
5-7.

Detection limits are used by the RESL.
Because they are a function of sample matrix,
sample size, and type of measurement, the
limits are intended as guides to order-of-
magnitude sensitivities and can easily change
by a factor of two or even more for the con-
ditions specified (Bodnar and Percival, 1982,
p. DL-1-1). With each analytical result, the
RESL reports an analytical uncertainty. With
each radiochemical result, the RESL reports a
propagated random uncertainty, which is
calculated using many variables, including the
yields, appropriate half-lives, counting
efficiencies, and count times. This uncertainty
is one standard deviation as defined on the
DOE, RESL Sample Record Sheet (ID
F-5484.1A, written commun., Rev. 12-1988).

The NWQL uses reporting levels that are
defined as the lowest measured concentration
of a constituent that may be reliably reported
using a given analytical method. Because of
the unpredictable matrix effects on detection
limits, the reporting limit is set somewhat
higher than the detection limit (Pritt and Jones,
1989, p. 1-6). For radiochemical results only,
the NWQL reports a result and a value twice
the standard deviation. Therefore, when com-
paring the results of analyses of gross radio-

11

activity and radionuclides by the NWQL and
the RESL, it is important to remember that two
standard deviations are reported by the NWQL
and one standard deviation is reported by the
RESL.

QUALITY ASSURANCE/QUALITY
CONTROL SAMPLES, REPLICATE
PAIRS OF SAMPLES

Replicate pairs of samples were collected
sequentially and sent to the same laboratory
with different identifiers. For example, a
sample collected from the well identified as
USGS 36 may have a replicate sample identif-
ied as QA-4. There was no correlation between
the identifier of the QA replicate and the
routine water-quality sample; the field person-
nel selected a QA number sequentially during
a sampling session and recorded that number
in their field logbooks along with the required
information about that particular site. This
type of sample is useful in determining the
laboratory’s analytical reproducibility related
to equipment, materials, or analysts. Replicate
samples also can be used to measure the vari-
ability due to the collection process. Beginning
in 1993, QA/QC samples were collected for
comparison with routine water-quality samples
that had been collected at the same site for the
same constituents within the previous 24
hours. This type of QA/QC sample addresses
variability related to ambient conditions at the
site, field personnel, field-measurement
instruments, and sampling equipment.

Statistical Comparisons of Replicate
Pairs of Samples

If the standard deviations are known, it is
possible to determine, within a specified con-
fidence level, whether the results of a replicate
pair of samples are statistically equivalent.
When the standard deviations are unknown,



Table 5. Analytical methods used to determine inorganic constituents in water samples from the Idaho

National Engineering Laboratory, with detection limits or reporting levels

[Abbreviations: RESL, Radiological and Environmental Sciences Laboratory; NWQL, National Water Quality
Laboratory; mg/L, milligram per liter; ug/L., microgram per liter]

Detection limit!

Inorganic constituent Laboratory Analytical method of reporting level?
Sodium RESL Ion selective electrode 2 mg/L.
NWQL Atomic absorption 0.1 mg/L
Sulfate NWQL Turbidimetry 1 mg/L
NWQL Ion chromatography 0.1 mg/L
Chloride RESL Ion selective electrode 2 mg/L
NWQL Colorimetry 0.1 mg/L
NWQL Ton chromatography 0.1 mg/L
Fluoride NWQL Ion selective electrode 0.1 mg/L
NWQL Ion chromatography 0.1 mg/L
Bromide NWQL Ion chromatography 0.01 mg/L
Nutrients NWQL Colorimetry 0.01-0.2 mg/L.
Trace elements NWQL Atomic absorption 1-10 pg/L
NWQL Inductively coupled plasma 1-10 g/L.
Chromium RESL Atomic absorption 50 ng/L.
NWQL Direct current plasma 1 ug/L
NWQL Atomic absorption 1 pg/L
Mercury NWQL Flameless atomic absorption 0.1 pg/L.

IRESL uses detection limits and NWQL uses reporting levels.
2Multiple reporting levels are dependent upon the constituent.
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Table 6. Analytical methods used to determine gross radioactivity and radionuclides in water samples from the
Idaho National Engineering Laboratory, with detection limits or reporting levels

[Abbreviations: RESL, Radiological and Environmental Sciences Laboratory; NWQL, National Water Quality

Laboratory; pCi/L, picocuries per liter]

Gross radioactivity . Detection limit
or radionuclide Laboratory Analytical method or reporting level!
Gross alpha RESL Scintillation 3 pCi/lL
NWQL Low background alpha-beta counter 0.6 pCi/L
Gross beta RESL Low background beta counter 5 pCi/L
NWQL Low background alpha-beta counter 0.6 pCy/L
Gamma radiation RESL Gamma spectroscopy 60 pCi/L
Radium-226 NWQL Radon emanation 2x107 pCi/L
Radium-228 NWQL Beta counting 1 pCi/L
Strontium-90 RESL Low background beta counter 5 pCi/L
Tritium RESL Liquid scintillation 200 pCi/L
NWQL Enrichment, gas counting 0.1 pCi/L
Americium-241 RESL Alpha spectrometry 6x10"2 pCi/L
Plutonium-238 RESL Alpha spectrometry 4x1072 pCi/L
Plutonium-239/240 RESL Alpha spectrometry 4x102 pCi/L

I RESL uses detection limits and NWQL uses reporting levels.
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Table 7. Analytical methods used to determine organic constituents in water samples from the Idaho National
Engineering Laboratory, and reporting levels

[Analyzing laboratory is the National Water Quality Laboratory. Units: mg/L, milligram per liter; pg/L, microgram

per liter]

Organic constituent Analytical method Reporting levell
Total organic carbon Wet oxidation 0.1 mg/L
Volatile organic compounds Gas chromatography/mass spectrometry 0.2-20 pg/L
Semivolatile organic compounds Gas chromatography/mass spectrometry 5-30 pg/L
Pesticides and gross Gas chromatography 0.01-1 pg/L

polychlorinated compounds

Aroclors Gas chromatography 0.1 pg/L
Total phenols Colorimetry 1 ug/L

I'Multiple reporting levels are dependent upon the constituent.

approximations of the standard deviations are
used for the statistical comparison. The
comparison can be done using an adaptation of
the equation to determine the standard deviate,
Z, or the number of standard deviations the
variable deviates from the mean (Volk, 1969,
p. 55), where Z is the ratio of the absolute
value of the difference of the two results and
the square root of the sum of the squares of the
standard deviations (the pooled standard
deviation). In that way, a comparison can be
made of two analytical results on the basis of
the precision, or an approximation of the
precision, associated with each of the results:

bx =yl

J5)2+ ()2

Z = (D

where

x is the result of the routine water-
quality sample,
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y is the result of the QA/QC sample,
s, is the standard deviation of x, and
sy is the standard deviation of y.

When the population is distributed normal-
ly and the standard deviation is known, the
analytical results of replicate pairs can be
considered statistically equivalent at the
95-percent confidence level if the Z-value is
less than or equal to 1.96. When the population
is not distributed normally or an approxima-
tion of the standard deviation is used, a Z-
value less than or equal to 1.96 must be con-
sidered a guide when testing for equivalence.
At the 95-percent confidence level, the
probability of error is 0.05. In other words,
when a Z-value is less than or equal to 1.96,
the results are within approximately two
standard deviations of each other. Equation 1
is essentially the equation used to compare
replicate data in the USGS protocol for
collection and processing surface-water
samples (Horowitz and others, 1995, p. 36).



Instead of setting a value that is approxi-
mately equal to two standard deviations as a
test of equivalence, the level of significance, or
p-value, which indicates the weight of the
evidence to reject the null hypothesis,

X +S§y=y+s, may be determined. The null
hypothesis is tested using the Z-value as the
test statistic. The Z-value is calculated by
using equation 1, then the p-value is deter-
mined by referring to table 62 in the Supple-
mental Information Section. Assuming the
distribution is normal, the p-value is the area
under the curve for the Z-value. The greater
the Z-value, the smaller the p-value and the
more likely that the results of the replicate pair
are not equivalent, and the null hypothesis will
be rejected. When Z = 1.96, the p-value =
0.0250 for a one-tailed test and 0.0500 for a
two-tailed test (table 62). This shows that these
p-values are equivalent to the 95-percent
confidence level and o = 0.05, where o is the
probability that the null hypothesis will be
rejected when true.

Inorganic Constituents

Equation 1 cannot be applied directly to
the results when no standard deviations or
uncertainties are reported. The analyses for
inorganic constituents, which were done at the
NWQL, were not reported with standard devi-
ations; therefore, approximations of standard
deviations were used. The USGS Branch of
Quality Assurance (BQA) conducts a Blind
Sample Program (BSP) in which reference
samples disguised as environmental samples
are submitted to the NWQL. A report by
Maloney and others (1993) describes the pro-
gram and evaluates the analytical results. The
BSP data are stored in the QADATA program
that is available through the USGS computer
network (Lucey, 1990, p 1). The statistical
analyses included in the program generate lin-
ear regression equations that allow the calcu-
lation of a most probable deviation (MPD) at
any concentration for most analyses. A mini-
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mum MPD has been established for a few
analyses at very low concentrations (Maloney
and others, 1993, p. 4). The linear regression
equations can be used to determine if the
analytical results of the replicate pairs are
statistically equivalent by calculating an MPD
for each result and substituting for the standard
deviation in equation 1. Because these are
approximate standard deviations, the Z-value
of 1.96 must be considered a guide when
testing for equivalence.

The results of the replicate pairs of the
inorganic constituent analyses and the Z-
values for each replicate pair are included in
tables 10-32. If the analytical results of the
pair were not statistically equivalent, that is, if
the Z-value was greater than 1.96, an “N”
appears in the column labeled “Remark.”

For many samples, the analytical results
were less than the reporting level. If the results
of both samples of the replicate pair were less
than the reporting level, the results were
assumed to be equivalent and the Z-value was
reported as a zero. If, however, only one of the
results was less than the reporting level, one of
two approaches was taken.

First, if one result was less than the
reporting level and the other exceeded the
reporting level, the numerical value and the
MPD of the numerical value of the reporting
level were substituted in equation 1 for the
result at the reporting level. For example, the
analytical results of fluoride in the replicate
pair collected at USGS 97 on June 7, 1990,
were <0.1 mg/L and 0.4 mg/L (table 13).
Using the minimum MPD of 0.075 mg/L that
has been set for this analysis (Maloney and
others, 1993), the results were 0.110.075 mg/L
and 0.410.075 mg/L. The Z-value, calculated
from equation 1, equaled 2.83. The Z-value
was greater than 1.96 and, therefore, was
outside the 95-percent confidence interval. The



results of the replicate pair were not equivalent
and an “N” appears in the column labeled
“Remark.”

Second, if one result was less than the
reporting level and the other was at the report-
ing level, the MPD of the result was calculated
at the reporting level using the linear regres-
sion equation for that analysis. It is impractical
to use equation 1 because the Z-value will
always equal zero. Therefore, to compare the
two results using the precision associated with
them, the deviation was multiplied by 1.96. If
the range of the deviation had included zero,
the results would have been equivalent
because any result less than the reporting level
was included in the 95-percent confidence
interval. For example, the analytical results of
fluoride analyses of the replicate pair collected
at USGS 12 on June 15, 1990, were <0.1 mg/L
and 0.1 mg/L (table 13). The linear regression
equation generated an MPD of 0.018 mg/L,
but a minimum MPD of 0.075 mg/L has been
set for this analysis (Maloney and others,
1993, p. 5). Therefore, the result of 0.1 mg/L
would have an MPD of 1.96x0.075 mg/L at
the 95-percent confidence level: 0.11+0.147
mg/L. The range included zero and the results
were considered equivalent. If the range had
not included zero, as often is the case when the
MPD is very small, equivalency could not
have been determined and a “U” would have
appeared in the column labeled “Remark”
signifying that equivalence was uncertain.

Gross Radioactivity and Radionuclides

The use of equation 1 is straightforward in
determining if the results of radiochemical
analyses of a replicate pair of samples were
equivalent. Because the NWQL reported
radiochemical results and two standard devi-
ations, it was necessary to divide the value by
two to compute the one standard deviation
required by equation 1. The results and report-
ed standard deviations for the analyses of gross
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radioactivity and radionuclides in replicate
pairs and the Z-values are listed in tables
33-49. Calculations using equation 1 were
performed on each replicate pair. If the analyt-
ical results of the pair were not statistically
equivalent, an “N” appears in the column
labeled “Remark.”

Organic Constituents

Organic constituents were not included in
the BSP. Therefore, for total organic carbon
and total phenol results, standard deviations
were calculated from the relative standard
deviations (RSD) reported by Wershaw and
others (1987, p. 15-16) and in the NWQL
Services Catalog (Pritt and Jones, 1989,

p. 5-28) for these two types of analyses,
respectively. The standard deviations of the
volatile organic compounds were calculated
from the RSD’s provided by Rose and
Schroeder (1995, p. 18-23). Analytical results
for organic constituents are included in tables
50-52. Calculations using equation 1 were
performed on each replicate pair and the Z-
values also are presented in the tables. If
analytical results of the pair were not statisti-
cally equivalent, an “N” appears in the column
labeled “Remark.” If equivalence could not be
determined, a “U” appears in the column
labeled “Remark” signifying that equivalence
was uncertain. If the results of both samples of
the replicate pair were less than the reporting
level, the results were assumed to be equiva-
lent and the Z-value is reported as a zero.

More than 99 percent of the results of the
752 replicate pairs analyzed for volatile organ-
ic compounds were less than the reporting
level and were considered equivalent. Only the
replicate pairs analyzed for the volatile organic
compounds, which were at or greater than the
reporting levels, are tabulated (table 51).
Because all 945 replicate pairs analyzed for
semivolatile organic compounds, pesticides,
gross polychlorinated compounds, and





















solved or total recoverable constituents. The
trace element and the number of replicate pairs
follow: arsenic, 14; barium, 14; cadmium, 14;
chromium, 145; copper, 12; iron, 30; lead, 31;
manganese, 13; mercury, 30; nickel, 29;
selenium, 14; silver, 31; and zinc, 13. All the
Z-values were calculated with the analytical
results and the MPD’s determined with the
regression equations formulated from the data
collected by the BQA.

Trace elements analyzed and percentages
of the analytical results of the replicate pairs
that were equivalent follow: arsenic, 93 per-
cent; barium, 100 percent; cadmium, 100 per-
cent; chromium, 91 percent; copper, 92 per-
cent; iron, 60 percent; lead, 97 percent; manga-
nese, 77 percent; mercury, 100 percent; nickel,
97 percent; selenium, 100 percent; silver, 100
percent; and zinc, 100 percent. The Z-values
indicated that 30 replicate pairs analyzed for
trace elements were not equivalent, 2 pairs that
were analyzed for manganese were uncertain,
and 358 pairs, or 92 percent of the results,
were equivalent.

Statistical comparisons of the iron analyses
indicated that only 60 percent of the results of
the pairs were equivalent. The BQA also has
noted significant lack of precision for the same
procedure at the NWQL (Maloney and others,
1993, p. 11). Because the unfiltered samples
collected at the INEL were for total recover-
able iron, they may not have been representa-
tive samples owing to inhomogeneity of the
water samples or contamination from the well
structures. However, the samples analyzed for
total recoverable iron in the BSP were split
samples that were also analyzed for dissolved
iron; the difference in the analyses was an
added digestion procedure (Maloney and
others, 1993, p. 3). This indicated that the lack
of equivalence between replicate pairs ana-
lyzed for total recoverable iron partly resulted
from laboratory conditions.
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The argument that it may be difficult to
compare replicate samples analyzed for a total
recoverable constituent, rather than for the
dissolved constituent, is valid. It is possible
that sequential ground-water samples may be
inhomogeneous because sediment is present in
each sample of a replicate pair in different
quantities or different compositions. There-
fore, sediment may contribute in varying
amounts to the concentration of the total
recoverable constituent, and the results of the
replicate pair would not be equivalent
statistically.

Although the BQA indicated that a lack of
precision has been shown for manganese
(Maloney and others, 1993, p. 11), that conclu-
sion could not be drawn from data collected at
the INEL for the water-quality monitoring pro-
gram. Sixty-two percent of the concentrations
of total recoverable manganese were less than
the reporting level and were considered equiv-
alent. Equivalency of two of the pairs could
not be determined. Concentrations in three
pairs were greater than the reporting level;
results of one pair were not equivalent.
Although only 77 percent of the manganese
results were equivalent, lack of precision was
not necessarily indicated. More uncensored
data are needed to make that determination;
only the results of three replicate pairs were
greater than the reporting level and could be
compared statistically for this analysis.

Gross radioactivity and radionuclides

Gross alpha radioactivity.—There were
114 replicate pairs of samples analyzed by the

NWQL and the RESL for gross alpha radio-
activity. The NWQL reported results as gross
alpha, dissolved as thorium-230, suspended as
thorium-230, dissolved as natural uranium,
and suspended as natural uranium. The RESL
reported results as gross alpha radioactivity.



The Z-values indicated that 10 replicate pairs
were not equivalent and 104 pairs, or 91
percent of the results, were equivalent.

Gross beta radioactivity.—There were 114
replicate pairs of samples analyzed by the
NWQL and the RESL for gross beta radio-
activity. The NWQL reported results as gross
beta, dissolved as cesium-137, suspended as
cesium-137, dissolved as strontium-90/
yttrium-90, and suspended as strontium-90/
yttrium-90. The RESL reported results as
gross beta radio-activity. The Z-values
indicated that 4 replicate pairs were not
equivalent and 110 pairs, or 96 percent of the
results, were equivalent.

Gamma radiation.—There were 48 repli-
cate pairs of samples analyzed by the RESL
for gamma radiation. The Z-values indicated
that 2 replicate pairs were not equivalent and
46 pairs, or 96 percent of the results, were
equivalent.

Radium-226 and radium-228.—There
were 12 replicate pairs of samples analyzed by
the NWQL for radium-226 and radium-228.
Eleven of the pairs were analyzed for radium-
226 and 12 for radium-228. The Z-values in-
dicated that 5 replicate pairs analyzed for
radium-226 were not equivalent and 6 pairs, or
55 percent of the results, were equivalent. The
Z-values indicated that all 12 pairs analyzed
for radium-228, or 100 percent, were
equivalent.

The replicate pairs analyzed for radium-
226 showed a significant lack of precision
when compared statistically. These were ana-
yzed for the dissolved constituent, rather than
the total recoverable constituent; therefore,
sample inhomogeneity was not the problem.
Since all the radium-228 replicate pairs, which
were collected sequentially with the radium-
226 pairs, were equivalent, it is unlikely that
the inconsistencies were due to the sample
collection process. No gross radioactivity or

radionuclide analyses, including radium-226,
are included in the BSP; therefore, the BQA

does not review this analysis. The reason for
the discrepancy could not be clearly defined.

Strontium-90.—There were 111 replicate
pairs of samples analyzed by the RESL for
strontium-90. The Z-values indicated that 8
replicate pairs were not equivalent and 103
pairs, or 93 percent of the resuits, were
equivalent.

Tritium.—There were 180 replicate pairs
of samples analyzed for tritium; 179 pairs were
analyzed by the RESL, and 1 pair was analyz-
ed by the NWQL. The Z-values indicated that
2 replicate pairs were not equivalent and 178
pairs, or 99 percent of the results, were
equivalent.

Transuranics: americium-241, plutonium-
238, and plutonium-239/240.—There were 19

replicate pairs of samples analyzed by the
RESL for three transuranic isotopes. The
comparisons indicated that the resuits of all
replicate pairs, but one, were equivalent for
each isotope. The Z-values indicated that 2
replicate pairs were not equivalent and 55
pairs, or 96 percent of the results, were
equivalent.

Organic constituents

Total organic carbon.—There were 28

replicate pairs of samples analyzed by the
NWQL for total organic carbon. For most
analyses, an MPD derived from linear regres-
sion equations generated by the BQA from the
BSP data or a reported standard deviation may
be used to quantify the precision associated
with the analytical results. Neither an MPD
nor a standard deviation was available for
analysis of total organic carbon.

The NWQL Services Catalog (Pritt and
Jones, 1989) lists the RSD for total organic
carbon as 6 percent. An RSD of 6 percent



resulted in a precision estimate that indicated
that only 29 percent of the replicate pairs were
equivalent when equation 1 was applied.

The precision data for the dissolved
organic carbon method (Wershaw and others,
1987, p. 15), was used to determine a linear
regression equation for calculating standard
deviations at low concentrations because there
is no precision data for the total organic carbon
method. The precision statement for the total
organic carbon method only states that the
percent RSD for total organic carbon will be
greater than that for dissolved organic carbon
(Wershaw and others, 1987, p. 16). When
using the analytical results and the standard
deviations at low concentrations calculated
with the linear regression equation, the Z-
values indicated that 5 replicate pairs were not
equivalent and 23 pairs, or 82 percent of the
results, were equivalent.

Volatile organic compounds.—There were
18 replicate pairs of samples analyzed by the

NWQL for 36 volatile organic compounds. In
1992, the volatile organic compound analyses
included 25 additional compounds and in
1993, 2 more compounds were added. In the
replicate pairs, only 9 of those 63 compounds
were found with concentrations that were at or
greater than the reporting level. Because
neither an MPD nor a standard deviation was
available for these nine volatile organic com-
pounds, the standard deviations were calculat-
ed from the RSD’s provided by Rose and
Schroeder (1995). The following is a list of the
compounds and the RSD’s used to determine
the standard deviations for the statistical
comparisons: bromoform, 14 percent; bromo-
dichloromethane, 8.3 percent; carbon tetra-
chloride, 8.4 percent; chloroform, 11 percent;
dibromochloromethane, 17 percent; dichloro-
difluoromethane, 11 percent; tetrachloroeth-
ylene, 12 percent; 1,1,1-trichloroethane, 12
percent; and trichloroethylene, 13 percent.
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All the replicate pairs analyzed for the
compounds with concentrations exceeding the
reporting level were compared for statistical
equivalence using equation 1. Six replicate
pairs were not equivalent and three pairs were
uncertain. Four pairs of the results that were
not equivalent were from one sample. Of the
752 comparisons, the Z-values indicated that
743 replicate pairs, or greater than 99 percent
of the results, were equivalent.

Semivolatile organic compounds, pesti-
cides, gross polychlorinated compounds. and

Aroclors.—There were 12 replicate pairs of
samples analyzed by the NWQL for 54 semi-
volatile organic compounds. In 1992, the semi-
volatile organic compound analyses included
three additional compounds. The replicate
pairs also were analyzed for 19 pesticides and
for gross polychlorinated biphenyls and naph-
thalenes. One replicate pair was analyzed for
an additional 32 pesticides and 7 Aroclors. All
of the analytical results were less than the
reporting level; therefore, 945 replicate pairs,
or 100 percent of the results, were equivalent.

Total phenols.—There were 12 replicate
pairs of samples analyzed by the NWQL for
total phenols. This analysis is not included in
the BSP; therefore, the comparisons of the
results of the replicate pairs and the standard
deviations were calculated using the RSD of
12 percent reported in the NWQL Services
Catalog (Pritt and Jones, 1989, p. 5-49). Six
replicate pairs were not equivalent and two
pairs were uncertain. The Z-values indicated
that 4 replicate pairs, or 33 percent of the
results, were equivalent.

QUALITY ASSURANCE/QUALITY
CONTROL SAMPLES, BLANK
SAMPLES

Blank samples were prepared using
inorganic-free blank water (IBW) from the
Quality of Water Service Unit (QWSU) of the



Office of Water Quality in Ocala, Fla.; volatile
organic compound blank water (VBW) from
the NWQL; distilled, or distilled and deionized
water from other sources; and water from
USGS 17 and USGS 97 (fig. 3). There are
several different kinds of blanks; examples
are: source-solution, trip, and equipment.

A source solution is water that is free of the
constituents of interest and is used as a stock
solution for other blanks. For example, deion-
ized water may be used to prepare an equip-
ment blank of the filtration apparatus, and the
source-solution blank would be a sample of the
deionized water before it was filtered. Analyti-
cal results of a source-solution blank are used
to determine the variability of methods or
analysts within a laboratory. Also, they are
used to determine whether the laboratory has
introduced a bias into the analytical process.
Furthermore, this type of blank is used to
determine if, in fact, the source solution is free
of contaminants.

Trip blanks travel with samples during
collection, storage, and shipment to detect bias
related to handling procedures or ambient
conditions.

An equipment blank that has been run
through all or part of the sampling apparatus
can be used to detect a bias that has been intro-
duced through use of that equipment. Equip-
ment blanks can be used to identify contami-
nation from the sample-collection or
equipment-cleaning processes. Inorganic-free
or deionized water is used at the present time
for all equipment blanks. In the past, however,
field personnel prepared equipment blanks for
the portable pumps with well-characterized
environmental water from USGS 17 and
USGS 97 by rinsing the pumps with several
volumes of the well water and collecting a
sample to be analyzed for the constituents of
interest.
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Until October 1989, QA/QC samples were
numbered using sequential site identifiers of
nonexistent sites. Since then, sequential QA
designations were given to QA/QC samples
starting at QA-1 each sampling session; QAS
designations were given to the Naval Reactors
Facility QA/QC samples and were all number-
ed in sequence from QAS-1 to QAS-33; QAB-
1 was given to an equipment blank prepared
between sampling sessions. Sources and de-
scriptions of blanks and equipment blanks that
were analyzed by both the NWQL and the
RESL for the water-quality monitoring pro-
gram are presented in tables 8—9. Analytical
results of the blanks and equipment blanks are
presented in tables 53-61.

Blanks should not have measurable con-
centrations of the constituents of interest.
Measurable concentrations are those that
exceed the reporting levels plus twice the
MPD or standard deviation. The radiochemical
concentrations of blanks should not exceed
two standard deviations. Because USGS 17
and USGS 97 contain natural ground waters,
those equipment blank results should. not ex-
ceed the known concentrations of the con-
stituents of interest plus twice the MPD or
standard deviation.

Blank Results

The blanks obtained from the RESL and
the Idaho Chemical Processing Plant (ICPP)
were from the distilled and deionized water
systems used by the analytical laboratories.
The water samples were analyzed to determine
if they would be appropriate for use as blank
source solutions. The blanks from the RESL
had measurable concentrations of tritium; this
is due to tritium in the water supply at the
Central Facilities Area where the RESL is
located (Mann and Cecil, 1990). Radium-226,
organic carbon, and phenols also were present
in a RESL water sample. The blank from the
ICPP had measurable concentrations of some



Table 8. Identification, source, and description of blank samples for the water-quality monitoring program at
the Idaho National Engineering Laboratory

[Site identifier: see section on Quality Assurance/Quality Control Samples, Blank Samples for explanation]

Site Date Source Description

identifier  prepared ¢ escrip
USGS 254  02/17/89  Radiological and Environmental Sciences Laboratory distilled and deionized
USGS 288  04/26/89 Laboratory water
USGS 301  06/30/89
QAS-8 11/02/90
QAS-1 12/01/89  Idaho Chemical Processing Plant Laboratory distilled and deionized

water
QA-7 10/31/89  Grocery store Bottled distilled water
QA-1 09/25/90
QA-5 05/0793 U.S. Geological Survey, Deionized water
Idaho Falls Field Office

QAS-23 06/12/92  National Water Quality Laboratory Volatile organic compound blank water
QA-16 11/12/92

Table 9. Identification, source, and description of equipment-blank samples for the water-quality monitoring

program at the Idaho National Engineering Laboratory

[Site identifier: see section on Quality Assurance/Quality Control Samples, Blank Samples for explanation]

Site Date N
identifier prepared Source Description
QAB-1 02/21/92 OmniSolv® water Rinsate of filtering apparatus
QA-5 07/14/92 Inorganic-free water from the Rinsate of sampling equipment and filtering
QA-6 08/13/92 Quality Water Service Unit apparatus
QA-15 10/22/92
QA-10 04/29/93
QA-15 04/30/93
QAS-30 06/15/93
QA-3 07/06/93
QA-2 07/06/93 Deionized water from the Rinsate of sampling equipment and filtering
QA-1 07/06/93 U.S. Geological Survey, apparatus
QA-13 10/15/93 Idaho Falls Field Office
QA-3 04/13/92 USGS 17 Rinsate of portable pumps
QA-3 08/07/92
QA-8 10/16/92
QA-4 05/05/93
QA-2 09/16/91 USGS 97 Rinsate of portable pumps
QA-3 10/21/91
QA-6 01/21/92
QA-5 01/21/92

P~~~



total recoverable trace elements, gross radio-
activity and radionuclides, and organic com-
pounds. The trace elements present were
aluminum, copper, iron, lead, and zinc. Radio-
chemical analyses revealed the presence of
gross alpha radioactivity, gross beta radio-
activity, radium-226, radium-228, and tritium.
Also present were bis(2-ethylhexyl) phthalate
and phenols. These two sources are unsuitable
for use as blank source solutions.

The two samples of bottled distilled water
obtained from grocery stores were relatively
free of the constituents of interest. One sample
had small concentrations of sodium and
chloride that were greater than the reporting
level but within twice the MPD’s. The other
had a measurable concentration of ammonia.
Radiochemical analyses indicated that no
radionuclides were present. These samples
were not analyzed for trace elements, gross
radioactivity, or organic compounds. However,
because it is difficult to ensure the purity of
water from so many different sources, the use
of this type of water is discouraged except in
an emergency situation (D. Rickert, USGS,
written commun., 1992).

The deionized water from the Idaho Falls
Field Office had small concentrations of meth-
ylene chloride and toluene; these samples were
not analyzed for trace elements and nutrients.
The Idaho Falls Field Office is located some
distance from the INEL Project Office; there-
fore, the distilled water is transported to the
INEL in large polyethylene containers and
stored until needed. It is unclear whether the
small concentrations of the two volatile
organic compounds were due to the water, to
contact with the container, or to the shipping
and storage processes.

Two VBW samples from the NWQL were
analyzed, one for inorganic constituents and
the other for organic compounds. This type of
blank source solution is expected to be free of
volatile organic compounds but not necessarily
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free of inorganic constituents. One blank,
QAS-23, had small concentrations of sodium,
chloride, and bromide; no analyses were
requested for organic constituents. Methylene
chloride was detected in the other sample,
QA-16, which was analyzed only for volatile
organic compounds.

In summary, 8 blanks were analyzed for
sodium, 9 for chloride, and 11 for chromium;
there were no measurable concentrations of
these constituents except for sodium in one
result. Three blanks were analyzed for sulfate,
fluoride, bromide, and total recoverable mer-
cury; there were no measurable concentrations
of these constituents except for bromide in one
result. Analytical results indicated that concen-
trations of ammonia in three of five blanks
were greater than the reporting level; all but
one were within twice the MPD. Three blanks
were analyzed for total recoverable trace
elements; measurable concentrations of
aluminum, copper, iron and zinc were found in
QAS-1. The same three blanks were analyzed
for gross alpha radioactivity and gross beta
radioactivity; only QAS-1 had concentrations
greater than two standard deviations. Measur-
able concentrations of radium were detected in
QAS-1 from the ICPP (radium-226 and
radium-228) and QAS-8 from the RESL
(radium-226). Several blanks were analyzed
for other radionuclides: 2 for gamma radiation,
4 for strontium-90, 6 for tritium, and 2 for
transuranics. No radioactivity greater than two
standard deviations was detected except in
water from the ICPP and the RESL, which had
measurable concentrations of tritium. Several
blanks were analyzed for organic compounds
and four of them had measurable concentra-
tions of some organic compounds. Bis(2-
ethylhexyl) phthalate and phenols were in the
blank from the ICPP. Total organic carbon and
phenols were in the blank from the RESL.
Methylene chloride was in two other blanks;
also, toluene was in one of the two.



For most of the blanks, the results of
ammonia analyses were greater than the
reporting level but within twice the MPD.
Although the statistical comparisons indicated
that the results of 100 percent of the replicate
pairs of samples were equivalent, the data
showed that the ammonia concentrations of the
blanks and the routine water-quality samples
were essentially the same. The positive bias,
evidenced by the number of blank results that
were greater than the reporting level, may be
due to either sample collection or analytical
methods. The situation has been noted and
documented by the BQA and is being
addressed by the laboratory (A. Lutke, USGS,
written commun., 1993).

Equipment-Blank Results

Several source solutions have been used
for equipment blanks: commercially available
OmniSolv® water; IBW from the QWSU;
deionized water from the USGS Idaho Falls
Field Office; and water from USGS 17 and
USGS 97 at the INEL. The equipment-blank
source solutions were passed through and
collected from different sampling apparatus in
the same manner as the routine water-quality
samples. Then, the blanks were analyzed for
the constituents of interest to determine if the
sampling process had introduced a bias to the
analytical results.

Ten equipment blanks were analyzed for
sodium, 18 for chloride, and 29 for chromium.
There were no measurable concentrations of
these constituents except for sodium in one
blank. Only one equipment blank, QAS-30,
which was an IBW, was analyzed for sulfate,
fluoride, bromide, and total recoverable
mercury. The concentration of bromide was
greater than the reporting level but was within
twice the MPD. Five equipment blanks were
analyzed for nutrients; except for QAS-15, all
of the results for ammonia analyses were
greater than the reporting level but were within
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twice the MPD. Analyses for QAS-15 indi-
cated that the concentrations for all the nitro-
gen results were greater than the reporting
levels. The blank, QAS-30, was analyzed for
total recoverable iron, lead, nickel, and silver;
measurable concentrations of iron and lead
were detected. This same blank was analyzed
for gross alpha radioactivity and gross beta
radioactivity; no measurable concentrations of
those constituents were detected. Nine equip-
ment blanks were analyzed for gamma radia-
tion, 16 for strontium-90, and 17 for tritium;
no radioactivity greater than two standard
deviations was detected. One equipment blank,
QAB-1, was analyzed for organic compounds
and only methylene chloride was detected.

Water from USGS 17 and USGS 97, which
was used to prepare equipment blanks, has
been analyzed over the years for sodium,
chloride, chromium, and selected radioactive
constituents for the water-quality monitoring
program. A comparison of the results of the
water from USGS 17 and USGS 97 as equip-
ment blanks with the historical results as
routine water-quality samples indicated that
they were statistically equivalent except for
sodium in-one blank. The concentration of
sodium in USGS 17 (QA-8) as an equipment
blank was approximately twice that of USGS
17 as a routine water-quality sample. The
means of the historical results and deviations
of the means for sodium, chloride, and
chromium in the water from USGS 17 and
USGS 97 follow: USGS 17 had an average of
6.310.6 mg/L of sodium, 6.8+1.1 mg/L of
chloride, and 2.4%3.4 pg/L. of chromium; and
USGS 97 had an average of 151 mg/L of
sodium, 33+3 mg/L of chloride, and 6.4+1.5
pg/L of chromium. Analyses indicated that no
radioactive constituents were present in these
well waters.

All the analytical results for gross radio-
activity and radionuclides show that none were
present in the equipment blanks. There was no
evidence of radioactive contamination from



the equipment used for previous water
sampling or from ambient environmental
conditions.

SUMMARY AND CONCLUSIONS

Water samples were collected by the
USGS from 177 monitoring sites for the water-
quality monitoring program at the INEL from
1989 through 1993. Several thousand analyses
have been performed by the NWQL and the
RESL to determine the concentrations of
major ions, nutrients, trace elements, gross
radioactivity and radionuclides, organic com-
pounds, and total organic carbon in those
waters. Concurrently, more than 3,000 analy-
ses were performed on the replicate pairs of
samples collected and blank samples prepared
for the QA/QC program. The precision of field
and laboratory methods can be assessed with
the data from the analyses of the replicate pairs
of samples. Although many factors may affect
precision, the determination as to whether
replicate pairs are equivalent, along with the
BQA report concerning the NWQL (Maloney
and others, 1993) and historical data, is useful
in assessing sources of imprecision, bias, and,
in some cases, inaccuracy.

- To evaluate the precision of field and
laboratory methods, analytical results of the
replicate pairs of samples were tested statis-
tically for equivalence on the basis of the pre-
cision associated with each result. Within the
major ion analyses, 94 percent were equiva-
lent; nutrients, 93 percent; trace elements, 92
percent; gross radioactivity and radionuclides,
95 percent; and organic constituents, 99
percent. In all, the statistical comparison of the
data indicated that 96 percent of the replicate
pairs were equivalent. The large percentage of
analytical results of replicate pairs that were
equivalent indicates that the samples were
being collected in a manner that ensures the
quality of the data.
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Ninety percent or more of the analytical
results for each constituent were equivalent
when tested statistically except for some con-
stituents of interest. Those constituents and the
percentages of replicate pairs that were equiva-
lent are ammonia plus organic nitrogen, 82
percent; orthophosphate, 84 percent; iron, 60
percent, manganese, 77 percent; radium-226,
55 percent; total organic carbon, 82 percent;
and total phenols, 33 percent.

Lack of precision for analytical methods
to determine the concentrations of iron and
manganese has been documented by the BQA
in the BSP. Although the statistical compari-
sons of the INEL replicate pairs analyzed for
manganese seemed to indicate lack of pre-
cision, a closer look at the data shows that
most results were below the reporting level
and not enough data were available to concur
with the BQA conclusion.

The BQA does not evaluate the methods
used to determine radionuclides and the reason
for the lack of equivalence between the repli-
cate pairs analyzed for radium-226 could not
be clearly defined. Because the analyses were
done for the dissolved constituent, rather than
the total recoverable constituent, and because
the samples analyzed for radium-228, which
were collected sequentially, were equivalent, it
is unlikely that the inconsistencies were due to
the sample collection process.

Neither an MPD nor a standard deviation
was available for analysis of total organic
carbon. The RSD of 6 percent reported in the
NWQL Services Catalog (Pritt and Jones,
1989) indicated that only 29 percent of the
replicate pairs were equivalent. An alternate
method of determining the standard deviation,
using precision data for the total organic
carbon method (Wershaw and others, 1987,
p. 15), indicated that 82 percent of the results
were equivalent.



The statistical comparisons of the
analytical results for total phenols entailed
using the RSD of 12 percent reported in the
NWQL Services Catalog (Pritt and Jones,
1989). The results of the test indicated that
only 33 percent of the replicate pairs analyzed
for total phenols were equivalent. Because of
the way the data were rounded, only the results
of replicate pairs that were numerically the
same could be considered equivalent at an
RSD of 12 percent.

Blanks are an important component of the
QA/QC program. The source-solution blank is
water that is free of the constituents of interest
and is used as a stock solution for other blank
samples. Analytical results of a source-
solution blank are used to determine variability
or bias at the laboratory. Furthermore, this type
of blank is used to determine if, in fact, the
blank solution is free of contaminants. An
equipment blank that has been passed through
and collected from all or part of the sampling
apparatus may be used to detect bias that may
have been introduced through use of that
equipment. Eight percent of the analyses for
inorganic constituents showed measurable
concentrations were present in the blanks, nine
percent for radioactive constituents, and less
than one percent for organic constituents.

Several sources were used for source-
solution blanks: distilled and deionized water
from the ICPP and the RESL analytical labor-
atories, bottled distilled water from grocery
stores, deionized water from the Idaho Falls
Field Office, and VBW from the NWQL. The
blank samples obtained from the ICPP and the
RESL were unsuitable for use as blank source
solutions because they had measurable con-
centrations of constituents of interest. Tritium
was a particularly unacceptable contaminant
because it is part of the water molecule and
cannot be removed. Distilled water from gro-
cery stores may be used only in an emergency
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situation. The deionized water from the Idaho
Falls Field Office was suitable for use as blank
source solutions.

Additionally, the following sources were
used for equipment blanks: commercially
available OmniSolv® water; IBW from the
QWSU; deionized water from the Idaho Falls
Field Office; and well water from USGS 17
and USGS 97 at the INEL. Two equipment
blanks had measurable concentrations of
sodium. There was no evidence of radioactive
contamination from the equipment used for
previous water sampling or from ambient
environmental conditions; all the analytical
results for gross radioactivity and
radionuclides showed none were detected in
the equipment blanks.

Although statistical comparisons indicated
that the results of replicate pairs analyzed for
ammonia were 100 percent equivalent, most of
the blank results were greater than the
reporting level. The blank results were
comparable to the routine water-quality
sample results; that shows that there is a
positive bias, which may be due to either
sample collection or analytical methods.

Evaluation of the QA/QC data, the BQA
report (Maloney and others, 1993), and histor-
ical data help to assess precision and bias of
field methods at the INEL Project Office. The
large percentage of replicate pairs of samples
that are equivalent and of blank results that are
free of the constituents of interest validates the
methods and procedures and supports the
reliability of the data. Furthermore, the QA/
QC data are useful in determining the source
of inconsistencies when lack of equivalence
between replicate pairs or blanks with measur-
able concentrations of the constituents of
interest are detected. For example, when
results of a specific analysis for several
replicate pairs are not equivalent, and the
results for other analyses of those pairs are
equivalent, the source of the inconsistencies



may be the laboratory proce-dures. On the
other hand, when results of all the analyses for
a replicate pair are not equivalent, the source
of the inconsistencies may be the field
procedures. In general, replicate samples do
not address accuracy; but, a large Z-value,
when the results of two replicate samples are
tested statistically for equivalence, suggests
that at least one of the samples is inaccurate.
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Table 10. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for sodium by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L, milligram per liter; N,
the analytical results are not in statistical agreement. Symbols: ¥, the analysis was performed by the Radiological and
Environmental Sciences Laboratory; *, the samples were analyzed for total recoverable sodium, rather than dissolved
sodium; ®, the QA sample was collected within 24 hours]

Site identifier Date sampled ?::]dgl/ltr)l So?:];lgl/nL())A Z-value Remark
Area I 7/14/93 17 15 1.70
Cerro Grande 10/18/9 15 15 .00
CFA-2 712591 18 18 .00
CPP 1 11/06/89 79 77 28
10/31/90 8.0 7.8 28
CPP2 1/31/89 612 #5142 35
4/29/92 7.6 79 42
CPP4 7/23/90 7.8 76 28
CWP-4 4/25/89 #1342 *ler2 . 35
EBR1 4/28/89 #7142 #1142 00
Fire Station 2 10/08/92 8.5 8.6 13
MTR Test 10/07/92 23 23 .00
NRF-1 9/09/91 *15 *14 92
NRF-2 3/21/90 *17 *17 .00
3/0591 *20 *19 73
9/15/93 *19 *19 00
NRF-3 6/17/91 *13 *13 .00
12/03/92 *14 *14 00
NRF-4 2/07/91 *14 *16 1.79
4/07/93 *17 *18 79
NRF-6 3/10/92 *81 *82 20
NRE-7 1/08/92 *3.1 *8.4 41
OMRE 4/28/89 7.0 70 .00
PW-1 10/27/89 150 150 .00
PW-2 1012593 180 180 .00
PW-4 10/17/90 190 180 93
10/22/92 170 170 .00
PW-5 10/1791 160 160 00
RWMC Prod. 10/30/90 79 82 Al
Site 9 9/27/91 12 12 .00
Site 14 10/18/91 15 15 00
11/04/93 15 12 2.90 N
Site 19 10/01/90 8.3 8.4 13
SPERT-1 4/28/89 #1542 #1412 35
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Table 10. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for sodium by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory—continued

Site identifier Date sampled ?::]dgl/lin; So;l:gr;lL())A Z-value Remark
TRA Disp. 10/11/90 11 11 0.00
TRA 3 4/27/89 #7142 #7142 .00
11/02/92 9.0 9.0 .00
TRA 4 11/13/89 6.9 7.7 1.17
10/30/91 7.6 79 42
WSINEL1 12/07/90 *18 *18 .00
12/03/91 *15 *15 .00
USGS 1 7/20/92 16 15 87
USGS 12 6/15/90 *13 *13 .00
9/06/91 *13 *14 97
11/05/93 *16 *16 .00
USGS 15 8/06/90 *18 *19 76
3/12/92 *5.7 *3.7 4.40 N
USGS 17 3/1391 *5.6 *5.4 34
6/11/93 *5.6 *5.8 34
USGS 19 10/01/92 12 12 .00
USGS 22 9/30/93 21 21 .00
USGS 23 7/09/93 8.7 9.4 90
USGS 32 7/06/92 18 18 .00
USGS 35 10/07/91 12 13 1.09
10/20/93 12 ®12 .00
USGS 37 10/21/93 45 45 .00
USGS 38 10/14/92 60 61 27
USGS 40 10/18/89 12 12 .00
USGS 44 10/26/90 8.6 8.5 13
11/01/93 8.8 8.4 53
USGS 46 10/09/91 11 10 1.16
USGS 54 11/03/89 17 18 79
10/16/92 12 11 1.09
10/13/93 12 11 1.09
USGS 56 11/15/89 16 16 .00
USGS 57 12/22/89 29 28 53
10/29/90 38 37 42
USGS 58 10/21/93 99 34 14.54 N
USGS 59 4/17/89 #1042 #10+2 .00
10/25/93 23 23 .00
USGS 61 9/27/90 15 14 92
USGS 62 10/13/92 15 14 92

36



Table 10. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for sodium by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory—continued

Site identifier Date sampled ?;dlg/lg Sogll:lgl;lld?A Z-value Remark
USGS 65 10/15/91 13 13 0.00
USGS 68 4/27/89 #1,000+100 #1,000+100 00
USGS 69 10/24/91 10 10 00
USGS 71 10/12/93 12 12 .00
USGS 72 10/28/93 34 15 1.92 N
USGS 76 10/17/90 94 9.0 51
10/21/93 9.5 ®9.2 38
USGS 77 10/09/92 32 32 .00
USGS 83 10/11/90 9.9 9.9 .00
USGS 84 10/09/92 9.4 94 .00
USGS 89 10/16/91 19 19 .00
USGS 90 10/04/93 11 8.0 3.70 N
USGS 97 6/07/90 *15 *14 92
12/07/90 *13 *14 97
6/07/91 *15 *13 1.88
11/04/93 *15 *15 .00
USGS 98 7/30/90 3.1 *3.0 .14
921/92 *8.6 *11 291 N
USGS 99 10/03/90 *12 *11 1.09
6/16/92 *12 *12 .00
USGS 100 10/05/92 16 16 .00
USGS 102 12/10/90 *13 *14 97
12/09/92 *13 *13 00
USGS 104 10/16/89 8.3 8.2 14
9/29/92 8.5 8.6 143
USGS 105 10/25/89 12 13 1.02
USGS 109 10/01/93 11 11 00
USGS 110 10/11/89 16 16 .00
USGS 114 10/05/89 23 23 .00
9/24/90 -2 22 .00
10/21/91 22 21 67
USGS 116 10/05/89 28 28 .00
USGS 122 10/15/91 33 34 A6
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Table 11. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for sulfate by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L, milligram per liter; N,
the analytical results are not in statistical agreement]

Site identifier Date sampled ?;g?g Su(liz:g/:L?A Z-value Remark
Cerro Grande 10/18/90 18 18 0.00
CPP1 10/31/90 27 27 00
NRF-1 9/09/91 36 39 74
NREF-2 312190 52 51 20
3/05/91 52 53 .20
9/15/93 51 53 41
NRF-3 6/17/91 38 38 00
12/03/92 41 41 00
NRF-4 2/07/91 45 38 1.62
4/07/93 46 46 00
NRF-6 3/10/92 230 220 .66
NRE-7 1/08/92 19 19 .00
PW-2 1/08/91 35 35 00
PW-4 10/17/90 25 29 1.16
RWMC Prod. 10/30/90 26 29 .86
Site 19 10/01/90 25 24 30
TRA Disp. 10/11/90 40 45 1.15
WSINEL1 12/07/90 53 53 00
12/03/91 61 55 1.13
USGS 12 6/15/90 32 30 54
09/06/91 29 32 82
11/05/93 35 36 28
USGS 15 8/06/90 31 30 27
3/12/92 18 19 34
USGS 17 3/13/91 19 18 34
6/11/93 19 19 00
USGS 19 10/12/90 25 25 00
USGS 44 10/26/90 24 23 31
USGS 54 1/14/91 280 280 00
USGS 57 10/29/90 32 33 27
USGS 61 9/27/90 150 140 96
USGS 76 1/17/90 26 26 00
USGS 83 10/11/90 23 21 64
USGS 97 6/07/90 34 34 .00
12/07/90 36 37 25
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Table 11. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for sulfate by the National Water Quality Laboratory—continued

Site identifier Date sampled (S;lgf;lf; Su(l;?g&;]_‘()zA Z-value Remark
USGS 97 - cont. 6/07/91 27 33 1.66
11/04/93 36 36 00
USGS 98 7/30/90 22 23 31
9/21/92 23 21 64
USGS 99 10/03/90 23 23 00
6/16/92 27 26 29
USGS 100 1/07/91 17 17 00
USGS 102 12/10/90 160 33 15.02 N
12/09/92 36 36 00
USGS 104 1/10/91 22 22 00
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Table 12. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for chloride by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L, milligram per liter; N,

the analytical results are not in statistical agreement, Symbol: ¥, the analysis was performed by the Radiological and
Environmental Sciences Laboratory; ® the QA sample was collected within 24 hours]

Chloride Chloride QA

Site identifier Date sampled (mg/L) (mg/L) Z-value Remark
ARBOR Test 10/01/91 15 17 1.40
Area Il 7/14/93 17 16 69
Badging Facility 4/19/90 18 17 .66
Big Lost River 10/09/91 4.6 45 A2
Birch Creek 4/05/90 46 4.7 12
Cerro Grande 10/18/90 22 21 58
CFA-2 7/25/91 91 91 00
CPP 1 11/06/89 14 15 74
10/31/90 17 18 66
CPP2 1/31/89 #1842 #1842 00
7/26/89 *16+2 #1542 35
4/29/92 18 18 .00
CPP4 7/23/90 16 17 69
CWP-4 4/25/89 #1542 #1612 35
411791 20 20 .00
CWP-5 10/14/93 11 11 .00
EBR1I 4/28/89 #1742 #7142 00
4/19/90 7.8 75 31
4/08/93 6.6 6.4 22
Fire Station 2 4/18/91 15 19 2.70 N
10/08/92 16 16 .00
MTR Test 10/07/92 16 16 .00
NRF-1 9/09/91 31 31 .00
NRF-2 3/21/90 45 45 .00
3/05/91 54 55 29
9/15/93 47 48 32
NRF-3 6/17/91 36 36 .00
12/03/92 35 36 40
NRF-4 2/07/91 41 40 36
4/07/93 43 45 68
NRF-6 3/10/92 200 190 91
NRF-7 1/08/92 6.5 6.5 .00
OMRE 4/28/89 18 18 .00
PW-1 4/24/89 #250+30 #25030 .00
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Table 12. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for chloride by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory—continued

Chloride Chloride QA

Site identifier Date sampled (mg/L) (mg/L) Z-value Remark
PW-1 - cont. 10/27/89  *26030 #250+30 0.24
7/03/90 310 310 .00
PW-2 1/08/91 260 260 00
10/25/93 290 320 1.77
PW-3 3/30/90 230 230 00
PW-4 2/02/90 250 250 00
10/17/90 300 300 00
4/2991 280 280 00
10/22/92 290 290 .00
PW-5 10/17/91 260 260 00
PW-8 4/05/91 22 22 00
71793 12 11 84
PW-9 2/04/93 27 26 50
4/06/93 25 25 00
P&W?2 4/18/89 #1842 #1742 35
3/14/90 25 26 52
RWMC Prod. 10/30/90 13 16 2.23 N
Site 9 912791 12 14 1.58
Site 14 10/18/91 9.3 93 .00
11/04/93 8.5 8.5 .00
Site 19 10/01/90 15 14 74
4/07/92 15 13 1.52
SPERT-1 4/28/89 #28+3 #28+3 00
TRA Disp. 1/18/90 11 11 .00
10/11/90 10 13 2.53 N
TRA 3 4/27/89 #1242 #1242 .00
4/10/92 12 15 2.32 N
11/02/92 11 11 .00
TRA 4 11/13/89 11 11 .00
42591 9.0 11 1.81
10/30/91 11 14 242 N
405093 10 10 .00
WSINELL1 12/07/90 110 110 .00
12/0391 110 100 1.61
USGS 1 7/20/92 12 11 84
USGS 8 4/0391 10 9.8 18
USGS 11 10/08/91 16 16 00
USGS 12 6/15/90 31 30 45
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Table 12. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for chloride by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory—continued

Chloride Chloride QA

Site identifier Date sampled (mg/L) (mg/L) Z-value Remark
USGS 12 -cont. 9/06/91 29 30 0.46
11/05/93 37 33 1.63
USGS 14 10/01/92 22 22 .00
4/16/93 20 20 00
USGS 15 8/06/90 31 31 .00
3/12/92 8.1 8.1 .00
USGS 17 3/13/91 7.1 6.9 21
6/11/93 59 59 .00
USGS 19 10/12/90 13 12 81
10/01/92 13 14 77
USGS 20 4/08/91 24 25 53
USGS 22 412391 72 65 1.65
9/30/93 60 60 .00
USGS 23 7/09/93 9.2 9.8 56
USGS 27 4/27/90 67 63 99
USGS 32 7/06/92 45 44 34
USGS 34 4/01/91 18 18 .00
USGS 35 10/07/91 27 22 2.65 N
4/14/93 25 24 6.53
10/20/93 21 ®22 58
USGS 37 1/02/90 74 74 .00
4/18/90 66 67 24
10/21/93 140 150 1.20
USGS 38 4/23/92 140 150 1.20
10/14/92 170 160 1.06
USGS 40 10/18/89 23 23 .00
10/18/89 27 23 2.09 N
42591 35 30 2.16 N
USGS 43 4/13/90 27 27 00
USGS 44 10/26/90 20 20 00
11/01/93 20 19 62
USGS 45 4120192 23 19 236 N
USGS 46 10/09/91 24 27 1.55
USGS 47 4/1091 28 26 99
USGS 52 4/03/90 25 25 .00
USGS 54 7/07/89 2142 #2042 35
11/03/89 19 19 .00
1/14/91 29 25 1.98 ‘ N
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Table 12. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for chloride by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory—continued

Chloride Chloride QA

Site identifier Date sampled (mg/L) (mg/L) Z-value Remark
USGS 54 - cont. 10/16/92 94 92 0.19
4/19/93 12 12 00
7/22/93 12 ®12 00
10/13/93 11 12 84
USGS 56 11/15/89 12 12 00
USGS 57 12/22/89 67 67 00
6/28/90 78 85 141
10/29/90 85 88 58
721/93 180 ®160 2.06 N
USGS 58 4/0391 12 1n - 84
10/21/93 11 11 00
USGS 59 4/17/89 #2342 #2943 1.66
412892 56 56 00
4/22/93 160 160 00
10/25/93 44 43 34
USGS 60 1/10/92 110 17 19.80 N
USGS 61 9/27/90 19 17 1.30
USGS 62 4/09/92 23 23 .00
10/13/92 14 14 00
USGS 63 4/10/90 22 22 00
USGS 65 10/15/91 22 22 .00
USGS 66 4/29/92 23 24 55
USGS 68 4/27/89 #3343 #3343 .00
7/02/91 47 44 1.00
1/17/92 52 58 1.70
USGS 69 10/24/91 22 22 .00
USGS 71 412291 20 21 .60
10/12/93 19 18 64
USGS 72 10/28/93 16 16 .00
USGS 76 1/05/90 11 11 .00
10/17/90 13 13 .00
426/93 12 12 .00
10/21/93 11 ®11 .00
USGS 77 10/09/92 120 120 00
USGS 82 7/07/93 16 16 .00
4/15/92 20 20 .00
USGS 83 10/11/90 13 12 81
4/06/92 16 17 69
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Table 12. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for chloride by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory—continued ’

Chiloride Chloride QA

Site identifier Date sampled (mg/L) (mg/L) Z-value Remark
USGS 84 10/09/92 12 12 0.00
USGS 85 4/26/90 53 53 .00
4/19/93 67 63 99
USGS 86 4/21/89 #2342 #2342 .00
10/13/93 19 20 62
USGS 87 4121/92 16 21 3.19 N
USGS 88 7/12/89 #100£10 #100£10 .00
7/16/91 85 87 39
1/20/93 89 91 37
USGS 89 1/04/389 #4615 #4615 .00
10/16/91 42 42 .00
1/17/92 42 42 .00
USGS 90 1/18/89 *20+2 #1842 71
1/23/90 13 13 .00
1/16/92 13 13 .00
4/20/92 17 16 69
10/04/93 12 13 81
USGS 97 6/07/90 31 34 1.30
12/07/90 32 33 43
6/07/91 29 28 A8
11/04/93 32 32 .00
USGS 98 7/30/90 18 18 .00
9/21/92 17 18 66
USGS 99 10/03/90 19 19 .00
6/16/92 20 20 .00
USGS 100 1/0791 19 19 00
10/05/92 18 18 00
4/23/93 16 17 69
USGS 102 12/10/90 28 30 94
12/09/92 31 31 00
USGS 103 7/16/93 15 15 .00
USGS 104 10/16/89 10 11 88
7/09/90 13 12 81
1/1091 15 15 .00
9/29/92 12 12 .00
USGS 105 10/25/89 13 13 .00
USGS 106 4/02/90 12 15 2.32 N
USGS 106 4/02/92 15 15 .00



Table 12. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for chloride by the National Water Quality Laboratory and the Radiological and
Environmental Sciences Laboratory—continued

Chloride

Chloride QA

Site identifier Date sampled (mg/L) (mg/L) Z-value
USGS 107 42291 23 21 1.14
42193 20 20 .00
USGS 109 10/01/93 13 14 77
USGS 110 4/12/89 #1842 #1842 .00
10/11/89 #2042 142 62
USGS 111 3/20/90 110 110 00
USGS 113 7/15/91 180 200 1.85
USGS 114 10/05/89 81 81 00
9/24/90 81 81 .00
10/21/91 87 88 19
USGS 115 7/16/93 33 32 43
USGS 116 4/06/89 #7142 #7042 10
10/05/89 68 68 .00
USGS 117 4/18/91 15 17 1.40
USGS 119 4/03/89 *10 +2 *10+2 .00
6/28/89 #1242 #1242 00
4/09/90 8.8 8.8 00
7/09/92 9.1 1.0 9.37
USGS 120 7/19/90 27 26 53
USGS 122 10/15/91 71 74 67
4/15/92 83 85 39
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Table 13. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for fluoride by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L, milligram per liter; N,
the analytical results are not in statistical agreement. Symbol: <, the result was less than the indicated reporting level]

Fluoride Fluoride QA

Site identifier Date sampled (mg/L) (mg/L) Z-value Remark
Cerro Grande 10/18/90 0.3 0.3 0.00
CPP 1 10/31/90 3 3 00
NRF-1 9/09/91 2 2 00
NRF-2 3/2190 <1 <1 0
3/05/91 2 1 94
9/15/93 2 2 .00
NRF-3 6/1791 2 2 .00
12/03/92 1 1 00
NRF-4 2/07/91 .1 2 94
4/0793 2 2 00
NRF-6 3/10/92 2 2 00
NRF-7 1/08/92 3 3 .00
PW-2 1/08/91 4 3 94
PWwW-4 10/17/90 2 2 00
RWMC Prod. 10/30/90 2 3 94
Site 19 10/01/90 1 2 94
TRA Disp. 10/11/90 <.1 <.1 0
WSINEL1 12/07/90 1 1 00
12/03/91 2 2 .00
USGS 12 6/15/90 <.1 .1 0
9/06/91 2 2 00
11/05/93 2 2 00
USGS 15 8/06/90 4 4 00
3/12/92 1 2 94
USGS 17 3/13/91 2 2 00
6/11/93 2 2 00
USGS 19 10/12/90 <.1 <l 0
USGS 44 10/26/90 <.1 <.1 0
USGS 54 1/14/91 4 3 94
USGS 57 10/29/90 4 4 00
USGS 61 9/27/90 <1 2 94
USGS 76 10/17/90 <1 <1 0
USGS 83 10/11/90 2 1 94
USGS 97 6/07/90 <1 4 2.83 N
12/07/90 1 1 .00



Table 13. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for fluoride by the National Water Quality Laboratory —continued

Fluoride Fluoride QA

Site identifier Date sampled (mg/L) (mg/L) Z-value Remark
USGS 97 - cont. 6/0791 2 2 0.00
11/04/93 2 2 00
USGS 98 7/30/90 4 g 2.83 N
921192 2 3 94
USGS 99 10/03/90 <1 <1 0
6/16/92 2 2 00
USGS 100 1/0791 i g .00
USGS 102 12/10/90 2 1 94
12/09/92 2 2 00
USGS 104 1/1091 2 2 00
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Table 14. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for bromide by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites; QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L, milligram per liter; N,
the analytical results are not in statistical agreement]

Site identifier Date sampled 'i;‘l’;“/ge B“(’g‘}f)QA Z-value Remark
NRE-1 9/09/91 007 0.08 063
NRF-2 3/21/90 07 06 7
3/05/91 06 07 7
9/15/93 07 07 00
NRF-3 6/1791 o7 07 00
12/03/92 08 o7 63
NRF-4 200791 06 07 7
4/07/93 09 09 00
NRE-6 3/10/92 08 08 00
NRE-7 10892 ) 03 185
WSINELI 12/07/90 29 29 00
12/0391 31 31 00
USGS 12 6/15/90 06 06 00
9/06/91 08 08 00
11/05/93 08 08 00
USGS 15 8/06/90 o7 07 00
312/92 ) ot 298 N
USGS 17 31391 0 ) 00
6/11/93 03 03 00
USGS 97 6/07/90 06 06 00
12/07/90 06 06 00
6/07/91 08 08 00
11/04/93 07 08 63
USGS 98 7730/90 04 04 00
9/21/92 05 05 00
USGS 99 10/03/90 05 05 00
6/16/92 05 05 00
USGS 102 12/10/90 06 05 85
12/09/92 07 07 00
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Table 15. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for dissolved nitrite, as nitrogen, by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L, milligram per liter; U,
statistical agreement of the analytical result is uncertain. Symbols: <, the result was less than the indicated reporting
level; ®, the QA sample was collected within 24 hours]

Dissolved Dissolved
Site identifier Date sampled I:;It:;:e?ls nii‘f‘;:; aé A Z-value Remarks
(mg/L) (mg/L)
Area II 7/14/93 <0.01 <0.01 0
CPP 1 11/06/89 <01 <01 0
10/31/90 <01 <01 0
Fire Station 2 10/08/92 <01 <01 0
MTR Test 10/07/92 <01 <01 0
NRF-1 9/09/91 <01 .01 U
NRF-2 3/21/90 <.01 <.01 0
3/05/91 <01 <01 0
9/15/93 <01 <01 0
NRF-3 6/17/93 <01 <01 0
12/03/92 <01 <01 0
NRF-4 2/07/91 <01 <.01 0
4/07/93 <01 <01 0
NRF-6 3/10/92 <01 <.01 0
NRF-7 1/08/92 <01 <.01 0
PW-1 10/27/89 <01 <01 0
RWMC Prod. 10/30/90 <01 <01 0
Site 9 9/27M91 <01 <01 0
Site 14 11/04/93 <01 <01 0
TRA Disp. 10/11/90 <01 <.01 0
WSINEL1 12/07/90 <01 <01 0
12/0391 <.01 <.01 0
USGS 1 7/20/92 <01 <01 0
USGS 12 9/06/91 <.01 <.01 0
11/05/93 <01 <01 0
USGS 15 8/06/90 <.01 <01 0
3/12/92 <.01 <.01 0
USGS 17 3/1391 02 02 00
6/11/93 <.01 <01 0
USGS 19 10/01/92 <01 <01 0
USGS 23 7/09/93 <.01 <.01 0
USGS 32 7/06/92 <01 <.01 0
USGS 35 10/07/91 01 .01 00
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Table 15. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for dissolved nitrite, as nitrogen, by the National Water Quality Laboratory—continued

Dissolved Dissolved
Site identifier Date sampled r::ittx::):;s ni:lrl:;:;’l”aé A Z-value Remarks
(mg/L) (mg/L)
10/20/93 <01 ®<01 0
USGS 37 10/21/93 <01 <01 0
USGS 38 10/14/92 <01 <01 0
USGS 40 10/18/89 <01 <.01 0
USGS 44 10/26/90 <01 <.01 0
11/01/93 <.01 <.01 0
USGS 46 10/09/91 .01 01 .00
USGS 57 12/22/89 <.01 <01 0
10/29/90 <01 <01 0
USGS 58 10/21/93 <.01 <01 0
USGS 59 10/25/93 <01 <0 0
USGS 65 10/15/91 <01 <.01 0
USGS 76 10/17/90 <01 <01 0
1012193 <01 ®<01 0
USGS 77 10/09/92 <01 <01 0
USGS 83 10/11/90 <01 <.01 0
USGS 89 10/16/91 <01 <01 0
USGS 90 10/04/93 <01 <01 0
USGS 97 6/07/90 <01 <01 0
USGS 102 12/10/90 <.01 <01 0
12/09/92 02 02 00
USGS 14 10/16/89 <01 <01 0
9/29/92 <01 <01 0
USGS 114 10/05/89 <01 <01 0
9/24/90 <.01 <01 0
102191 <01 <01 0
USGS 116 10/05/89 <01 01 U
USGS 122 10/15/91 <01 <01 0

50



Table 16. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for dissolved nitrite plus nitrate, as nitrogen, by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L, milligram per liter; N,
the analytical results are not in statistical agreement. Symbol: ® the QA sample was collected within 24 hours]

Dissolved Dissolved
nitrite plus nitrite plus
Site identifier Date sampled nitrate, as nitrate, as Z-value Remark
nitrogen nitrogen, QA
(mg/L) (mg/L)

Areall 7/14/93 1.1 1.1 0.00
CppP1 11/06/89 &3 81 17

10/31/90 9 1.0 g7
Fire Station 2 10/08/92 11 1.2 70
MTR Test 10/07/92 13 1.3 00
NRF-1 9/09/91 1.7 1.6 .56
NRF-2 3/21/90 19 18 S1

3/05/91 19 19 00

9/15/93 20 2.0 00
NRF-3 6/17/91 1.8 1.8 00

12/03/92 1.9 1.9 00
NRF4 2/07/91 1.8 1.8 00

4/07/93 2.0 2.0 00
NRF-6 3/10/92 1.7 1.7 00
NRF-7 1/08/92 39 .38 A1
PW-1 10/27/89 1.9 1.9 .00
RWMC Prod. 10/30/90 0 10 00
Site 9 92791 64 64 .00
Site 14 11/04/93 .59 64 A48
TRA Disp. 10/11/90 1.1 1.2 70
WSINEL1 12/07/90 5.1 5.0 24

12/0391 5.1 54 68
USGS 1 720/92 .86 .84 .16
USGS 12 9/06/91 18 1.7 53

11/05/93 2.0 2.0 00
USGS 15 8/06/90 1.8 16 16.33 N

3/12/92 30 34 48
USGS 17 3/1391 34 31 36

6/1193 35 34 A2
USGS 19 10/01/92 1.1 1.1 00
USGS 23 7/09/93 69 66 27
USGS 32 7/06/92 1.3 1.3 00
USGS 35 10/07/91 14 15 60
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Table 16. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for dissolved nitrite plus nitrate, as nitrogen, by the National Water Quality Laboratory

—continued
Dissolved Dissolved
nitrite plus nitrite plus
Site identifier Date sampled nitrate, as nitrate, as Z-value Remark
nitrogen nitrogen, QA
(mg/L) (mg/L)
USGS 35 - cont. 10/20/93 L5 ©1.2 1.89
USGS 37 10/2193 3.1 3.1 00
USGS 38 10/14/92 35 34 32
USGS 40 10/18/89 34 34 00
USGS 44 10/26/90 1.1 1.1 .00
11/01/93 1.2 1.2 00
USGS 46 10/09/91 2.5 25 .00
USGS 57 12/22/89 34 34 00
10/29/90 3.5 3.5 00
USGS 58 10/21/93 1.2 1.2 00
USGS 59 10/25/93 14 1.5 60
USGS 65 10/1591 1.5 1.5 00
USGS 76 10/17/90 1.1 1.1 00
10/21/93 1.1 ®14 1.98 N
USGS 77 10/09/92 49 49 00
USGS 83 10/11/90 .80 70 1.40
USGS 89 10/16/91 1.8 1.8 00
USGS 90 10/04/93 97 J1 224 N
USGS 97 6/07/90 1.8 1.8 00
12/07/90 1.8 1.8 .00
6/07/91 19 20 .50
11/04/93 2.0 2.0 00
USGS 98 7/30/90 1.1 1.1 00
9/21/92 1.0 1.0 00
USGS 99 10/03/90 1.5 1.5 00
6/16/92 1.5 1.5 .00
USGS 102 12/10/90 1.7 1.7 .00
12/09/92 1.9 19 00
USGS 104 10/16/89 66 65 09
9/29/92 72 72 00
USGS 114 10/05/89 40 4.1 28
9/24/90 3.9 39 00
102191 40 3.9 .29
USGS 116 10/05/89 3.1 3.1 .00
USGS 122 10/15/91 29 29 00
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Table 17. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory

analyzed for dissolved ammonia plus organic nitrogen, as nitrogen, by the National Water Quality
Laboratory :

[Site identifier: see figures 1-3 for location of sites; QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L., milligram per liter; U,
statistical agreement of the analytical result is uncertain; N, the analytical results are not in statistical agreement.
Symbol: <, the result was less than the indicated reporting level]

Dissolved Dissolved
ammoniaplus  ammonia plus
Site identifier Date sampled nigggg?r:,cas nit(;;ggé:r:?as Z-value Remark
nitrogen nitrogen QA
(mg/L) (mg/L)
NRF-1 9/09/91 0.3 0.3 0.00
NRF-2 3/05/91 <2 3 U
NRF-3 6/17/91 2 4 1.37
NRF-4 2/07/91 1.1 S 2.40 N
WSINELL1 12/07/90 K] 4 65
USGS 12 9/06/91 3 2 74
USGS 17 3/13/91 <2 <2 0
USGS 97 12/07/90 <2 <2 0
6/07/91 2 2 .00
USGS 99 10/03/90 3 S 121
USGS 102 12/1090 2 <2
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Table 18. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for dissolved ammonia, as nitrogen, by the National Water Quality Laboratory

{Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Remark: the results of replicate pairs are
statistically equivalent. Abbreviations: mg/L, milligram per liter. Symbols: <, the result was less than the indicated
reporting level; ®, the QA sample was collected within 24 hours]

Dissolved Dissolved
Site identifier Date sampled amn';‘tr‘:)‘;‘:;las m‘gg:féf Z-value Remarks
(mg/L) (mg/L)
Area I 7114/93 0.02 0.02 0.00
CPP1 11/06/89 03 03 00
10/31/90 <01 02 42
Fire Station 2 10/08/92 01 01 .00
MTR Test 10/07/92 01 01 .00
NRF-2 9/15/93 .02 02 .00
NRE-3 12/03/92 <01 <01 0
NRF-4 2/07/91 01 02 42
4/07/93 <.01 <01 0
NRE-6 3/10/92 02 02 .00
NRE-7 1/08/92 <01 <01 0
PW-1 10/27/89 .03 02 30
RWMC Prod. 10/30/90 <.01 <01 0
Site 9 912791 01 03 82
Site 14 11/04/93 01 02 42
TRA Disp. 10/11/90 <01 <01 0
WSINELI1 12/07/90 02 02 .00
12/03/91 02 02 00
USGS 1 7120192 <01 01 0
USGS 12 11/05/93 02 02 00
USGS 15 3/12/92 <01 04 1.20
USGS 17 6/11/93 02 02 00
USGS 19 10/01/92 <01 <01 0
USGS 23 7/09/93 02 02 00
USGS 32 7/06/92 03 02 A2
USGS 35 10/07/91 <01 <01 0
10/20/93 02 ®<.01 42
USGS 37 10/21/93 <01 <01 0
USGS 38 10/14/92 .03 02 42
USGS 40 10/18/89 01 <01 0
USGS 44 10/26/90 <01 .01 A6
11/01/93 02 .02 .00
USGS 46 10/09/91 <01 <01 0
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Table 18. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for dissolved ammonia, as nitrogen, by the National Water Quality Laboratory

—continued
Dissolved Dissolved
Site identifier Date sampled a‘“n’;‘t;’(;‘g‘z;]as ﬁ'gg;‘l“‘é‘f: Z-value Remarks
(mg/L) (mg/L)
USGS 57 12/22/39 0.02 0.02 0.00
10/29/90 11 A1 .00
USGS 58 1012193 <01 <01 0
USGS 59 10/25/93 02 02 .00
USGS 65 10/15/91 <01 <01 0
USGS 76 10/17/90 01 <01 0
10/21/93 <01 ®<01 0
USGS 77 10/09/92 01 02 A4
USGS 83 10/11/90 <01 <01 0
USGS 89 10/16/91 <01 <01 0
USGS 90 10/04/93 01 01 00
USGS 97 12/07/90 <01 01 0
6/07/91 <01 <01 0
11/04/93 01 02 A4
USGS 98 9/21/92 <01 02 A2
USGS 99 10/03/90 <01 <01 0
6/16/92 02 01 A4
USGS 102 12/10/90 <01 <01 0
12/09/92 <01 <01 0
USGS 104 10/16/89 <01 <01 0
9/29/92 <01 <01 0
USGS 114 10/05/89 03 01 86
9/24/90 <01 <.01 0
10/2191 02 02 .00
USGS 116 10/05/89 02 02 00
USGS 122 10/15/91 <01 <01 0
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Table 19. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for orthophosphate, as dissolved phosphorus by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: mg/L, milligram per liter; U,
statistical agreement of the analytical result is uncertain; N, the analytical results are not in statistical agreement.
Symbols: <, the result was less than the indicated reporting level; ®, the QA sample was collected within 24 hours)

Orthophosphate, Orthophosphate,

Site identifier Date sampled z;l)sh(;lsS;I?(I)‘rIue(sl pt?s s(li;:(s)(r)u?sle(()i A Z-value Remark
- (mg/L) (mg/L)
Area I1 7/14/93 <0.01 <0.01 0.00
CPP 1 11/06/89 03 04 1.40
10/31/90 03 <.01 8)
Fire Station 2 10/08/92 .02 02 .00
MTR Test 10/07/92 .01 01 .00
NRF-1 9/09/91 <.01 <.01 0
NRF-2 3/05/91 02 .02 00
9/15/93 .03 .02 1.59
NRF-3 6/17/91 03 02 1.59
12/03/92 02 02 00
NRF-4 2/07/91 02 04 296 N
4/07/93 02 02 00
NRF-6 3/10/92 07 07 .00
NRF-7 1/08/92 02 01 1.82
PW-1 10/27/89 07 08 82
RWMC Prod. 10/30/90 <.01 <01 0
Site 9 9/27/91 02 03 1.59
Site 14 11/04/93 02 03 1.59
TRA Disp. 10/11/90 04 .08 4.17 N
WSINEL1 12/07/90 01 01 00
12/03/91 01 01 00
USGS 1 7/20/92 <.01 <.01 0
USGS 12 9/06/91 <01 <.01 0
11/05/93 03 02 1.59
USGS 15 3/12/92 01 02 1.82
USGS 17 3/13/91 01 01 00
6/11/93 03 02 1.59
USGS 19 10/01/92 .01 <.01 U
USGS 23 7/09/93 <01 <01 0
USGS 32 7/06/92 <.01 <01 0
USGS 35 10/07/91 03 03 .00
10/20/93 03 ®03 00
USGS 37 10/21/93 02 02 00
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Table 19. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for orthophosphate, as dissolved phosphorus by the National Water Quality Laboratory

—continued
Orthophosphate, Orthophosphate,
Site identifier Date sampled as dissolved as dissolved Z-value Remark
phosphorus phosphorus QA
(mg/L) (mg/L)
USGS 38 10/14/92 .02 02 0.00
USGS 40 10/18/89 04 02 2.96 N
USGS 44 10/26/90 01 .01 00
11/01/93 02 02 00
USGS 46 10/09/91 03 02 1.59
USGS 57 12/22/89 A7 12 2.56 N
10/29/90 01 02 1.82
USGS 58 10/21/93 02 02 00
USGS 59 10/25/93 02 02 .00
USGS 65 10/15/91 .01 01 .00
USGS 76 10/17/90 <01 <.01 0
' 10/21/93 02 ®02 00
USGS 77 10/09/92 01 01 00
USGS 83 10/11/90 <.01 <01 0
USGS 89 10/16/91 01 <.01 U
USGS 90 10/04/93 01 02 1.82
USGS 97 12/07/90 02 03 1.59
6/07/91 02 01 8]
11/04/93 03 .04 1.40
USGS 98 9/21/92 01 02 1.82
USGS 99 10/03/90 01 <.01 U
6/16/92 02 02 .00
USGS 102 12/10/90 02 02 00
12/09/92 .02 02 .00
USGS 104 10/16/89 04 .04 00
9/29/92 01 .02 1.82
USGS 114 10/05/89 02 02 00
9/24/90 <01 03 U
102191 02 .02 .00
USGS 116 10/05/89 02 02 00
USGS 122 10/15/91 01 01 .00
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Table 20. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for arsenic by the National Water Quality Laboratory

[Site identifier: see figures 1--3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: pg/L, microgram per liter; N,
the analytical results are not in statistical agreement, Symbol: **, the water sample was analyzed for dissolved
arsenic, rather than total recoverable arsenic; <, the result was less than the indicated reporting level]

Site identifier Date sampled m; Arz;r;/i?A Z-value Remark
NRF-2 3/21/90 2 2 0.00
NRF-4 2/07/91 2 2 00
NRF-6 3/10/92 4 4 00
NRF-7 1/08/92 2 <1 .87
WSINELL1 12/07/90 1 00
USGS 12 6/15/90 2 2 00
USGS 15 8/06/90 2 12 3.79 N
USGS 44 10/26/90 **1 **1 00
USGS 97 6/07/90 2 2 00
12/07/90 2 1 .87
USGS 98 7/30/90 2 1 68
USGS 99 10/03/90 2 2 00
USGS 102 12/10/90 2 2 00
USGS 122 10/15/91 **) **2 00
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Table 21. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for barium by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Remark: the results of replicate pairs are
statistically equivalent. Abbreviations: pg/L, microgram per liter. Symbols: <, the result was less than the indicated
reporting level; **, the water sample was analyzed for dissolved barium, rather than total recoverable barium]

Barium Barium QA

Site identifier Date sampled (Lg/L) ugl) Z-value Remark
NRF-2 3/21/90 <100 <100 0
NRF-4 2/07/91 100 100 00
NRF-6 3/10/92 <100 100 00
NREF-7 1/08/92 100 100 .00
WSINEL1 12/07/90 <100 <100 0
USGS 12 6/15/90 100 100 .00
USGS 15 8/06/90 <100 <100 0
USGS 44 10/26/90 ** 0() ** 89 12
USGS 97 6/07/90 100 100 .00
12/07/90 <100 <100 0
USGS 98 7/30/90 <100 <100 0
USGS 99 10/03/90 <100 <100 0
USGS 102 12/10/90 100 100 00
USGS 122 10/15/91 ** 110 ** 110 .00
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Table 22, Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for cadmium by the National Water Quality Laboratory

Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Remark: the results of replicate pairs are
statistically equivalent. Abbreviations: pug/L, microgram per liter. Symbols: <, the result was less than the indicated
reporting level; **, the water sample was analyzed for dissolved cadmium, rather than total recoverable cadmium]

Cadmium Cadmium QA

Site identifier Date sampled (ug/L) (ug/L) Z-value Remark
NRF-2 3/21/90 ‘ <1 <1 0
NRF-4 2/07/91 <1 <1 0
NRF-6 3/10/92 <1 <1 0
NRE-7 1/08/92 <1 <1 0
WSINELL1 12/07/90 <1 <1 0
USGS 12 6/15/90 <1 <1 0
USGS 15 8/06/90 <1 <1 0
USGS 44 10/26/90 **<] **<] 0
USGS 97 6/07/90 <1 <1 0
12/07/90 <1 <1 0
USGS 98 7/30/90 <1 <1 0
USGS 99 10/03/90 <1 <1 0
USGS 102 12/10/90 <1 <1 0
USGS 122 10/15/91 **<] **<l 0
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Table 24. Comparison of results of replicate pairs of sainples from the Idaho National Engineering Laboratory
analyzed for copper by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: pg/L, microgram per liter; N,
the analytical results are not in statistical agreement. Symbols: **, the water sample was analyzed for dissolved
copper, rather than total recoverable copper; <, the result was less than the indicated reporting level]

Copper Copper QA

Site identifier Date sampled g/l g/l Z-value Remark
NRF-2 3/21/90 16 3 3.47 N
NRF-4 2/07/91 2 3 32
NRF-6 3/10/92 5 6 29
WSINELL1 12/07/90 2 2 00
USGS 12 6/15/90 3 3 .00
USGS 15 8/06/90 7 2 1.51
USGS 97 6/07/90 4 3 31
12/07/90 5 3 61
USGS 98 7/30/90 1 1 .00
USGS 99 10/03/90 1 1 00
USGS 102 12/10/90 2 1 33
USGS 122 10/1591 **<10 **<10 0
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Table 25. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for iron by the National Water Quality Laboratory

Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: pg/L, microgram per liter; N,
the analytical results are not in statistical agreement. Symbols: <, the result was less than the indicated reporting
level; **, the water sample was analyzed for dissolved iron, rather than total recoverable iron]

Site identifier Date sampled (Lr;/[;d) Ir((:lg/%;‘ Z-value Remark
NRF-1 9/09/91 470 240 741 N
NRF-2 3/21/90 50 50 00
3/05/91 <10 10 0
9/15/93 20 <10 70
NREF-3 6/17/91 60 120 3.36 N
12/03/92 320 100 9.10 N
NRF-4 2/07/91 50 30 1.30
4/07/93 <10 <10 0
NRF-6 3/10/92 120 80 2.10 N
NREF-7 1/08/92 330 350 67
WSINELLI 12/07/90 210 150 2.70 N
12/03/91 200 170 1.34
USGS 12 6/15/90 30 50 1.30
9/06/91 50 90 237 N
11/05/93 140 270 5.52 N
USGS 15 8/06/90 4,600 9,700 13.50 N
3/12/92 10 <10 0
USGS 17 3/13/91 130 110 1.04
6/11/93 50 30 130
USGS 97 6/07/90 90 40 3.00 N
12/07/90 <10 <10 0
6/07/91 30 20 .68
11/04/93 730 390 8.25 N
USGS 98 7/30/90 50 40 .64
9/21/92 80 70 .58
USGS 99 10/03/90 230 320 3.36 N
6/16/92 40 70 1.86
USGS 102 12/10/90 60 200 6.99 N
12/09/92 30 40 66
USGS 122 10/15/91 **20 **3() .66




Table 26. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for lead by the National Water Quality Laboratory

[Site identifier: see figures 1--3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: pg/L, microgram per liter; N,
the analytical results are not in statistical agreement. Symbols: <, the result was less than the indicated reporting
level; **, the water sample was analyzed for dissolved lead, rather than total recoverable lead]

Site identifier Date sampled (h(;g) L?ﬁg/%A Z-value Remark
NRF-1 9/09/91 1 <1 0
NRF-2 3/21/90 2 1 31
3/05/91 <1 <1 0
9/15/93 <1 <1 0
NREF-3 6/17/91 2 2 00
12/03/92 <1 <1 0
NRF-4 4/07/93 <1 <1 0
2/07/91 <1 1 0
NRF-6 3/10/92 <1 2 64
NRF-7 1/08/92 4 3 29
WSINELL1 : 12/07/90 1 2 31
12/03/91 3 <1 0
USGS 12 6/15/90 1 1 .00
9/06/91 <1 <1 0
11/05/93 <1 <1 0
USGS 15 8/06/90 1 3 61
3/12/92 <1 <1 0
USGS 17 3/13/91 <1 1 0
6/11/93 <1 <1 0
USGS 44 10/26/90 <] *H<] 0
USGS 97 6/07/90 3 3 00
12/07/90 1 5 1.16
6/07/91 3 3 00
11/04/93 2 3 57
USGS 98 7/30/90 1 1 00
9/21/92 1 1 00
USGS 99 10/03/90 30 3 411 N
6/16/92 2 31
USGS 102 12/10/90 1 1 .00
12/09/92 <1 <1 0
USGS 122 10/15/91 **<10 **<10 0
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Table 27. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for manganese by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: pg/L., microgram per liter; N,
the analytical results are not in statistical agreement; U, statistical agreement of the analytical result is uncertain.
Symbols: <, the result was less than the indicated reporting level; **, the water sample was analyzed for dissolved
manganese, rather than total recoverable manganese]

Site identifier Date sampled Mz:r:lggal?jse Man(g:ngif QA Z-value Remark
NREF-2 3/21/90 <10 <10 0
NRF-4 2/07/91 <10 <10 0
NRF-6 3/10/92 <10 <10 0
NRF-7 1/08/92 <10 <10 0
WSINELL1 12/07/90 10 <10 U
USGS 12 6/15/90 <10 <10 0
USGS 15 8/06/90 100 200 6.20 N
USGS 97 6/07/90 <10 <10 0

12/07/90 <10 <10 0
USGS 98 7/30/90 <10 <10 0
USGS 99 10/03/90 30 23 .66
USGS 102 12/10/90 <10 10 U
USGS 122 10/15/91 **12 **13 9
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Table 28. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for mercury by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Remark: the results of replicate pairs are
statistically equivalent. Abbreviations: pg/L, microgram per liter. Symbol: <, the result was less than the indicated
reporting level; **, the water sample was analyzed for dissolved mercury, rather than total recoverable mercury]

Site identifier Date sampled h'zﬁrgc;lir)y Metflug%)QA Z-value Remark
NRF-1 9/09/91 <0.1 <0.1 0
NRF-2 3/21/90 <1 <1 0
3/05/91 <.1 <l 0
9/15/93 <1 <l 0
NRF-3 6/17/91 <1 <1 0
12/03/92 <.1 <.1 0
NRF-4 2/07/91 <1 <l 0
4/07/93 <.1 <l 0
NRF-6 3/10/92 <1 <1 0
NREF-7 1/08/92 <1 <.l 0
WSINEL1 12/07/90 <.1 <1 0
12/03/91 <.l <.l 0
USGS 12 6/15/90 <1 <1 0
9/06/91 <.1 <.1 0
11/05/93 <.1 <1 0
USGS 15 8/06/90 <1 1 00
3/12/92 <1 <1 0
USGS 17 3/13/91 <l <1 0
6/11/93 <1 <1
USGS 44 10/26/90 ** 1 ** 1 00
USGS 97 6/07/90 <1 <.l 0
12/07/90 <1 <1 0
6/07/91 <1 <.1 0
11/04/93 <1 <1 0
USGS 98 7/30/90 <1 <1 0
9/21/92 <1 <1 0
USGS 99 10/03/90 <1 <1 0
6/16/92 <1 <1 0
USGS 102 12/10/90 <1 <l 0
12/09/92 <1 <1 0
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Table 29. Comparison of results of replicate pairs of samples from the Idaho National Engineering Laboratory
analyzed for nickel by the National Water Quality Laboratory

[Site identifier: see figures 1-3 for location of sites. QA: quality-assurance replicate sample. Z-value: see section on
Statistical Comparisons of Replicate Pairs of Samples for explanation. Abbreviations: pg/L, microgram per liter; N,
the analytical results are not in statistical agreement. Symbols: <, the result <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>